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PREFACE. 



This text-book on Chemistry, intended for the use 
of colleges and schools, contains the outline of the 
course of Lectures which I give every year in this 
University. 

I do not, therefore, present to teachers an untried 
work. Its divisions and arrangement are the result 
of an experience of several years ; an experience 
which has proved to me 'that there is required a text- 
book of small size, so that students can pass through 
it readily in the time usually devoted to Chemistry. 

Every instructor in this science must have observ- 
ed that the ordinary " Treatises" or " Elements" are 
by no means suited to his wants. When they are 
employed in the class-room, there are large portions 
which have to be omitted, and other portions too 
briefly explained. In fact, to study Chemistry suc- 
cessfully, the first thing which is wanted is a com- 
pendious book, which sets forth in plain language 
the great features of the science, without perplexing 
the beginner with too much detail. 
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VI PREFACE. 

It will be understood, therefore, that this work, 
with little pretensions to originality, except where 
directly specified, occupies a different field from that 
of the larger treatises. It is intended as a manual, 
arranged in such divisions as practice has shown to 
be suitable for daily instruction. It is the exposition 
of what I have found to be a satisfactory method of 
teaching; and of its success our annual examinations 
are the best testimonial. 

The unsuitableness of large text-books has led to 
many attempts to reduce their size by abstracts and 
compendiums ; but the difliculty can never be avoid- 
ed by that means ; the very structure of such works 
is faulty. We never want to use all that an author 
knows or can possibly say on the subject. It has 
been well remarked, that " The greatest service 
which can be rendered to our science, is for some 
person who has had the management of large classes 
for several years to sit down and write a book, set- 
ting forth what he said and what he did every day in 
his Lectures. That is the thing we want." 

While, therefore, this book is offered to instructors 
as a practical work, the object of which is to display 
the leading features of the science, I have endeavored 
to make it a representation of the present state of 
Chemistry. In this respect many of our most popu- 
lar works are defective. Among them I should not 
know where to turn for a simple exposition of the 
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Wave theory of Light or of Ohm's theory of Voltaic 
Currents ; yet the one is the most striking result of 
physical research, and the other is connected with 
the fundamental facts of Electro-chemistry. 

To the treatises of Hare, Kane, Graham, Gregory, 
Fownes, Dumas, and Millon I must formally state 
my obligations. In Descriptive Chemistry I have fol- 
lowed them closely ; and in those cases which are 
much more common than is generally supposed, 
where there are differences in the imputed proper- 
ties of bodies, I have consulted, wherever I could, 
either original memoirs or the annual reports of Ber- 
zeUus. 

The number of wood-cuts, representing experi- 
mental arrangements, which have been introduced, 
will give to a beginner a clearer idea of the practical 
part of each Lecture, and, in our country colleges, 
may sometimes supply the place of defective or in- 
complete apparatus. To each Lecture is appended a 
set of questions. They enable a young student more 
quickly to apprehend the doctrines which are before 
him. 

John William Draper. 
University of New York, ^ 
July 6, 1846. J 
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INTRODUCTION. 

CONSTITUTION AND GENERAL PROPERTIES OF MATTER, 



LECTURE I. 

Constitution op Matter. — Distinction between Cheni' 
istry and Natural Philosophy. — General Division of 
Chemistry. — Active Forces and Ponderable Bodies, — 
Proof of the Atomic Constitution of Matter in the Cases 
of a Solid and a Gas, — Atoms are inconceivably small,— ^ 
They are not in contact, — They are unchangeable and 
indcstriu:tible. 

The physical sciences are divided into two classes, com- 
prehended respectively under the titles of Natural Phi- 
losophy and Chemistry. 

Natural Philosophy investigates the relations of masses 
to one another. The movements of tides in the sea im- 
der the conjoint influence of the sun and moon ; the de- 
scent of falling bodies to the earth ; the pressure of the 
atmosphere ; the various modes of rendering mechanical 
forces available, by the action of levers, pulleys, wedges, 
screws ; the phenomena of the planetary bodies, which 
move in elliptic orbits around a central mass : these are 
all objects for the consideration of Natural Philosophy. 

Chemistry considers the relations of particles to each 
other ; it investigates the properties and qualities of differ- 
ent kinds of matter, their mutual influence, and the ac- 
tion of the imponderable principles upon them. It treats 
of the causes of those invisible movements which the 
molecules of bodies around us unceasingly undergo. It 
also includes many of the phenomena of living beings, 
explains the objects of respiration, digestion, and other 
such animal functions. 

Every change taking place^in bodies is due to the o^ 
eration of some active force. It is one of the first princi- 

Into what classes are the physical sciences divided ? Of what phenonip 
ena does nataral philosophy treat ? What are the ohjects of chemistry T 

A 



2 CONSTITUTION OP MATTE&. 

pies in philosophy, that no movement or mutation can oc- 
cur in any thing spontaneously ; we must always refer it 
to a disturbing cause. Under the influence of heat, bodies 
increase in size ; under that of electricity, some are dis- 
severed into their component elements; under that of 
light, vegetables form from inorganic materials their or- 
ganized structures. The science of chemistry resolves 
Itself, therefore, into two divisions : the first, embracing the 
consideration of the active forces of chemistry ; the sec- 
ond, the objects on which those forces operate. 

These active forces are Heat, Light, and Electricity. 
By the older chemists, they are designated as imponder- 
able substances, from the circumstance that they do not 
affect the most sensitive balances. 

We can form no idea of the properties of bodies dis- 
engaged from the influence of these principles. Thus 
ive find all material substances existing under one of 
three conditions, solid, or liquid, or gaseous; and the 
majority can assume either of these conditions under the 
influence of heat. Water, for instance, at low tempera- 
tures, exists in the solid state as ice ; at higher tempera- 
tures, it assumes the liquid condition ; and, at still higher, 
exhibits the gaseous form. We see, therefore, that it is 
the decree of heat to which it is exposed which deter- 
mines Its physical state. 

One of the first problems which the chemist has to solve, 
is that of determining the true constitution of matter ; not 
of matter in the abstract, but as placed under the influence 
of these external powers. 

^g' 1. All the phenomena of chemistry 

~ prove that material substances con- 

sist of indivisible and exceedingly mi- 
nute portions, called Atoms, which 
are placed at certain distances from 
one another, those distances being 
variable and determined by the agen- 
cy of active forces. 

Thus, if we take a copper ball, a, 
Fig, 1, an inch in diameter, and provide a ring, b, of such a 

What are the two leadins^ divisions of chemistrjr ? What are the act- 
ire forces of chemistry ? Why are these called imponderahle bodies ' 
What are the three forms of substances ? What is it that determine! 
tbeie forms 7 What is the constitution of matter ? Describe the airange- 
ment of the instrument, Fig* i, and its nae, 
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size that the ball at common temperatures can readily pass 
through it, and having suspended the ball by means of a 
chain to a stand, d, expose it to the flame of a spirit lamp, 
c, as it becomes warm it will be found to dilate, so thsiC, 
in the course of a few minutes, it can no longer pass read- 
ily through the ring, but if placed thereon, remains sup- 
ported. 

While under these circumstances no visible change has 
taken place in the general properties of the ball; its 
weight remains the same as before, its aspect is the same. 
We conclude, therefore, that its volume has increased bc" 
cause we have raised its temperature. 

But now, the lamp being removed, the ball still resting 
on its ring, begins to cool. In the course of a few min- 
utes it spontaneously drops through the ring. It has, 
therefore, become less than it was while hot, and, in point 
of ^ct, when its original temperature is reached, it has re- 
covered its original size. 

From this simple, but beautiful experiment, very im- 
portant conclusions may be drawn. The copper ball, in 
cooling, becomes less : a fact which at once suggests the 
idea that its constituent particles have approached each 
other. In its warm and dilated state, although it exhibit- 
ed no sCJppearance of transparency, or of interstitial spaces, 
or pores through which light might pass, its particles were 
not touching one another, for had they been in actual con- 
tact they could not have more closely approached one an- 
other, and contraction could not have taken place. 

As all bodies contract during the act of cooling, we in-' 
fer that the particles of which they are composed are 
separated from each other by intervening jpy^. j. 

spaces, and experiments such as that we 
have been considering suggest two im- 
portant observations : 1st. That all mate- 
rial substances are made up of small par- 
ticles which do not touch each other; and, 
2d. That the intervening spaces maybe va- 
ried at the pleasure of the experimenter. 

Let us consider a second illustration 
which vrill lead us to the same conclusion ; selecting, as 

Why, in thii experiment, does the ball finally drop tlutmgfa tbe ring? 
Goold contraction take place if ita particles were already in contact 7 
What two oonclnsioDS do these facts suggest? 




4 OOIfSTITUTION OF MATTBR. 

tbe object of our experiment, atmospheric air, a substance 
differing in all its physical and chemical relations from 
the copper ball. Let us take a tube of glass half an inch 
in diameter, and bent in the form exhibited in Fig. 2, a, 
c, d. The tube is closed at its upper end, a >• it is bent 
at c, and over its open extremity, at d, a bag of India rub- 
ber is tied, air tight. In the tube there has been previ- 
ously inclosed a sufficient quantity of Water to fill idl the 
portion i, c, d^ but the space from a to i is occupied by 
atmospheric air. It is to the volume of this atmospheric 
air* that our attention is directed. 

If we compress the India rubber bag in our hand, the 
volume of the air instantly becomes less, the diminution 
being greater in proportion as the pressure is greater. 
Now, it is inconceivable that this phenomenon should en- 
sue, unless the aerial particles approached each other; 
but such an approach vsrould be impossible if they were 
already in contact. Two particles could not occupy the 
same space at the same time. 

We conclude, therefore, that for atmospheric air, a 
gaseous body, as well as for copper, a solid, the same 
law holds good, and that both these forms of matter are 
constructed upon the same type ; that they are made up 
of particles set at distances from one another, and that we 
can change those distances at pleasure, by resorting to 
changes of temperature, or to mechanical forces. 

'g>^ 3 It is worthy of observation, that by proper 

means these interstitial spaces may be greatly 
increased or diminished, and in very many in- 
stances without any striking apparent change 
occurring in the substance under experiment. 
Thus, if we take a globe of glass two or three 
inches in diameter, a. Fig. 3, with a neck or 
tube, ^, proceeding from it, and fill tlie globe 
full of water, with the exception of a small bubble of air 
which occupies its upper part, while the open extremity 
of the tube, ^, dips beneath some water contained in a 
glass jar, c, then, covering the whole with an air-pump 
receiver, d, proceed to exhaust, we shall find that the little 

Describe the instrament represented in Fie;. 2. What is the use of 
this instrument ? With an increase of pressure, what happens to the in- 
cluded air? Con two particles occupy the same space at the same time ? 
What, then, is the deduction from this experiment t What is the exper- 
iment given in Fig. 3 intended to illoBtrate 7 
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bubble, «, dilates as the machine is worked, and may be 
rendered a hundred-fold greater than at first. In this ex- 
panded condition, its particles must have greatly reced- 
ed from each other, and yet no remarkable physical change 
is to be observed. There are no dark or vacuous spaces ; 
but, in this attenuated condition, it possesses the aspect 
which it had when at the common density. 

With these preliminary facts, we may now direct our 
attention, 1st, to the properties of atoms ; and, 2d, to the 
interstitial spaces which part them from each other. 

That the atoms of which bodies are composed are Ex- 
ceedingly small, we possess abundant proof. By dissolv- 
ing substances in liquid media, and then greatly diluting 
the solution, we can effect a subdivision to an incredible 
extent. A single drop of a solution of sulphate of indigo 
will communicate a blue color to one thousand cubic inch- 
es of water, so that every drop of that diluted solution 
contains a portion of the coloring matter. In the samo 
manner, by resorting to proper tests, we can show that a 
grain of copper, or silver, or gold, may be divided into 
many millions of smaller parts, each of which may be 
readily recognized. Nor is it alone by these chemical 
processes that such a minute subdivision may be effected : 
by the mechanical process of beating with a hammer, 
gold may be extended into leaves which are less than the 
^_^i__^ part of an inch thick, a dimension far less than 
the human eye, unassisted by microscopes, can discover, 
for the smallest spherical object visible to it is about 
¥ oVo P^rt of an inch in diameter. By other processes, it 
has been estimated that this metal may be divided to such 
an extent, that a single grain will yield 80 millions of 
millions of visible parts. The world of organization fur- 
nishes us with still more striking proofs. There exist 
animalcules of which it would require many millions to 
make up the bulk of a common grain of sand, yet these 
are furnished with digestive and respiratory organs, with 
circulating juices, and with contrivances as elaborate as 
the mechanism of the highest orders of life. How minute, 
then, must the constituent particles be ! 

To what extent can the constituent atoms be removed ? To what ex- 
tent can sulphate of indigo be divided? Can similar results be obtained 
from metalline bodies ? What evidence have we on this point from me- 
chanical processes t What argument may be drawn from the conatmc- 
tion of animalcules ? 

A2 



6 PEOPEETIEB OF ATOMS. 

All tbe results of chemistry prove that the ultimate 
atoms of bodies are uDchangeable and imperishable. We 
can not effect their destruction, or impress them with new 
or unusual qualities, any more than we can call them into 
existence. Those familiar instances in which it appears 
that material substances are destroyed or dissipated, when 
properly understood, are only cases of transformation, or 
of the origin of new compounds. An atom once created, 
can by no process be destroyed. When, therefore, coal 
disappears m the act of burning, it is not, in reality, a de- 
struction of the particles of which the coal consists, but these 
particles uniting with one of the constituents of the air, 
give origin to a body of a different form, an invisible and 
elastic substance, from which, however, the carbonaceous 
particles could be reobtained by resorting to proper 
methods. It is, moreover, obvious that the continuance 
and ^liability of the universe itself depend on the fact that 
by no natural process can material atoms be either cre- 
ated or destroyed. 



LECTURE II. 

Constitution op Matter. — Of the Interstices between 
Atoms, — They are not casual^ hut regulated, — Two 
Forces are required to produce this Result, — Cohesion 
and Heat, — Proof that these Forces act through very 
limited Spaces. — Analogy between the Structure of Mat- 
ter and the Structure of the Universe, 

Having, in the preceding lecture, established the atomic 
constitution of matter, let us now direct our attention to 
the intervening interstices. 

The distances that part the atoms of a given mass from 
one another are not casual or determined at random ; 
their magnitude is perfectly regulated. Thus, if we take 
a glass bulb, a. Fig, 4, with an open neck, i, and having 
filled the neck with water to a given mark, c, immerse 
its open extremity in a glass of water, d^ it will be found 



Are llie atoms of bodies either changeable or perishable ? How can 
the apparent destraction of bodies be explained? Are the spaces be- 
tween atoms regulated or at random ? What is the experiment. Fig. 4, 
designed to establish ? 
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that so long as no eictraaeous cause in- Fig. 

tervenes tbe water remains perfectly aii 
tionary at its original point, c; but if, b 
the application of a spirit lamp, e, we rais 
the temperature of the air incluiled i 
the bulb, it promptly dilatea ; a dilataiioii ^ 
which, however, does not proceed with 
irregularity, for the volume of the air 
Bteadily increases as the heat is steadily 
continued. Let the lamp now be remov- 
ed, and as the temperature descends the 
water comes back again to its original point, because the 
air recovers its original hulk. 

In the game manner, if we repeat the experiment illuB- 
trated in Fig. 3, we shall see that the bubble of air does 

mddenly dilate, and then remain 
motionless, but for each movement oft 
ea correspondingly ; and as soon as i 
stored to tbe interior of the machine, 
its original size. But these expansions a 
are tbe result of movements among the constituent atoms, 
which at one time recede farther apart, and at another 
come closer together. It follows, thereforo, Irom these 
considerations, that the distances which separate the con- 
stituent atoms are not determined by chance or at random, 
but their magnitude is strictly regulated. 

To produce these results two forces are required : Ist, 
a force of attraction, which continually tends to draw the 
atoms closer together; 2d, a force of repulsion, whicb 
tends to remove them farther apart. The distance U 
which they are placed, at any particular moment, is de- 
termined by the balancing of dieae forces; if the attractive 
force is made to increase in intensity, the particles ap- 
proach ; if the repulsive, they recede. 

Names have been given to these forces, the attractive 
force being known under the name of cohesion ; caloric 
or heat appears to be the principle of repulsion. 

AU attractive and repulsive forces diminish as the dis- 
tances through which they act increase. The attractixe 

Can the flame theory be proved by 
oeuei i How manv fime* ore rtMjnired 
u theit nWure 1 What 



ia tbs relUioD betveDi 



reBortine to other diitnrbmg m> 
to aammt for thcBe fact. 1 Vrtirt 
betveon halt and repoUkm 1 



8 BIZfi OF lNT£UdTITIAL BPAOKd. 

force of the earth, tlie force of gravitation, is of a certain 
intensity on the surface of our planet, but it diminishes as 
the distances become greater. The forces which connect 
together the bodies of the solar system, and, indeed, one 
planetary system with another, act through groat intervals 
of space ; thus the attractive force of the sun, operating 
through many millions of miles, retains the earth in her 
orbit. But the attractive and repulsive forces which de- 
termine the position of the constituent atoms of bodies are 
limited to a very minute space. If wo take two leaden 
bullets, and having pared a small portion from the surface 
of each, so as to expose a brilliant metallic spot, bring 
them within an inch of one another, thuy exert no percep- 
tible attraction, and may be drawn apart with the utmost 
facility ; we may diminish the distance between them to 
the tenth, the hundredth, the thousandth part of an inch, 
and still the same observation may be made ; we may 
even bring them in apparent contact, and the attractive 
influence of the particles of 'the one upon those of the other 
is still undiscoverable ; but, on pressing them together, 
we can finally bring them within the range of each other's 
influence, and then they cohere together as though they 
were a single mass, and require a considerable effort to 
separate them. 

The appaiatus figured in the margin serves to illustrate 
^. 5 the same result. Suspend a cir- 

cular piece of plate glass, a. Fig, 
5, an inch in diameter, to one of 
the arms of a balance, i, c, counter- 
poising it on the opposite arm by 
: ^ weights placed in the scale pan, d. 
* Beneath the plate of glass place a 
"^ cup, c, containing some quicksilver, 
and it can be proved that so long as the glass is at a sen- 
sible distance from the surface of the quicksilver, no at- 
traction between them is exhibited, for were such the 
case, the arm of the balance should incline, and the glass 
descend. As long as the smallest perceptible space inter- 
venes, no attractive action is developed ; but on bringing 
the two surfaces in contact, they cohere ; and now it re- 
Through what spaces can these forces operate ? How can this be proved 
by leaden bullets ? Describe the apparatus, Fig^, 5. What is its use ? 
What the fact which is proved by it ? 
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quires the addition of a considerable weight in the scale 
pan to draw them asunder. This result does not depend 
on the pressure of the air, for it equally takes place in a 
vacuum. 

From experiments of this kind, therefore, we gather 
that the spaces through which molecular attractions and 
repulsions can act are very limited, and it follows of ne- 
cessity that the interstices which separate the atoms of 
bodies are exceedingly minute, for through those spaces 
the action of these forces extends. If the limiting distance 
through which molecular attraction and repulsion can 
reach is, as there is reason to believe, from some of the 
experiments of Newton, less than the millionth of an inch, 
we are entitled to conclude that the interstitial spaces are 
much smaller. 

To what, then, do these results finally point in regard 
to the constitution of matter, if, as we have seen, the con- 
stituent atoms themselves are inconceivably minute, and 
the spaces that separate them as small as we have reason tc 
conclude ] We may look upon the universe as represent- 
ing on a grand scale the constitution of matter on a minute 
one. The planetary bodies which compose the solar sys- 
tem, and which are held in their orbits by the attraction 
of a central mass, ai'e separated from one another by enor- 
mous spaces, to which their own magnitudes bear but an 
insignificant proportion. About thirty such bodies, great 
and small, compose the group or family to which our 
earth belongs. But as there are systems of opaque plan- 
etary bodies, so also there are systems of self-luminous 
suns, which compose together colonies of stars. In the 
universe myriads of such systems exist, separated from 
one another by spaces so great that the mind can form no 
just idea of them. A planet, such as Jupiter with its at- 
tendant satellites ; a self-luminous star, like our sun with 
its surrounding bodies ; a group of shining stars, such as 
are scattered over our skies ; a collection of such groups 
as form the nebular masses ; these, in succession, furnish 
us with a i^pries of illustrations on a scale continually in- 
creasing in dimensions of the constitution of matter, which 
is made up of isolated atoms placed at variable dis tances 

Does the experiment depend on the pressure of the air? What are 
the limiting distances through which molecular forces can act 7 State the 
analogy between the confltitation of the nniverse and Uie constitation of 
matter? 
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from each other, the size of these atoms bearing an insig- 
nificant proportion to the spaces intervening between them. 
The human mind is so constituted that it is unable to 
appreciate whatever is exceedingly great or exceedingly 
small. We can neither attach a precise idea to the mag- 
nitudes and grander relations of the universe, nor to the 
atomic constitution of a gi*ain of dust. Hereafter, when 
we come to speak of the phenomena of light, we shall see 
that by following the same philosophical methods which 
have been cultivated with such success in astronomy, and 
which have furnished us with a general view of the con- 
stitution of the universe, we also can obtain a general view 
of the scale which has been used in the constitution of 
material bodies, a scale which brings before us new ideas 
of time and space. When we are told that in the mill- 
ionth part of a second a wave of violet light pulsates or 
trembles seven hundred and twenty-seven millions of 
times, and that, if we divide a single inch into ten millions 
of equal parts, this violet wave is only one hundred and 
sixty -seven of such parts in length, we obtain a glimpse 
of the scale on which material bodies are composed, and 
must confess the inability of the human imagination to 
form a proper conception of such results, though we may 
feel a just pride in the intellectual power which has ascer- 
tained them. 






PART I. 

THE FORCES OF CHEMISTRT. 



LECTURE III. 

Heat. — Preliminary Ideas of the Nature of Heat — A- 
Jlv,ence of Heat in the inorganic and organic Wbrlds.-^^ 
Modes of Transference, — illustrations of Ea^ansion.^^ 
Heat determines the Magnitude and Form of Bodies^^ 
Affects our Measures of Time and Space — Determines 
the Distribution of Animals and Plants, 

Writers on chemistry signify by the term Caloric, the 
agent which excites in our bodies the sensation of heat. 
By some, however, heat and caloric are used synonymous- 
ly. Those who look upon this force as if it were a ma- 
terial and imponderable substance, ascribe to the particles 
of caloric a self-repulsive power, and an attraction for 
the particles of ponderable bodies. 

So great is the control which caloric exercises over all 
kinds of chemical changes, that few experiments can be 
made in which transformations of substances take place 
without contemporaneous disturbances of temperature. 
In some, heat is evolved ; in others, cold is produced. To 
this agent, moreover, we so constantly resort for the pro- 
motion of molecular changes, that the chemist has been 
not inaptly designated the Philosopher by Fire. 

It is not alone in the inorganic world that the influences 
of caloric are traced. Life can not take place except 
within certain limits of temperature ; limits which are 
comprehended between the freezing and the boiling points 
of water, that is, within one hundred and eighty degrees 
of our thermometer ; and, in point of fact, within a nar- 
rower range than that It is, therefore, not alone in 
chemistry, but also in physiology, that the relations of 
this agent are of interest. 

"What is caloric? What is heat? On the hypothesis that caloric k 
an imponderable substance, what are its properties ? Why is it diat die 
stady (rf* caloric is of such ^reat importance m chemiitiy ? Within what 
limiti of temperature can hying things exist? 
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When au ignited mass, as a red-hot ball, is placed in 
the middle of a room, common observation satisfies us 
that it rapidly loses its heat ; its temperature descending 
until it becomes the same as that of surrounding walb 
and other bodies. This loss is due to several causes. A 
part of the heat is carried away by contact vrith the body 
which supports the ball, a part by certain motions estab- 
lished in die surrounding air, and a part by radiation. 
This removal passes under the name of traiisfcrence, and 
as soon as the temperature has declined to that of the ad- 
jacent bodies, an equilibrium is said to have been attained. 
There are two methods by which caloric can be trans- 
f<^ed: Ist. By radiation; 2d. By convection. Of the 
fbrmer we have two varieties — general radiation, and in- 
terstitial radiation. 

Tig. 6. Under the influence of an increasing tempera- 
ture substances expand. This takes p4ace, what- 
ever their form may be, whether solid, liquid, or 
gaseous. The experiment which is illustrated by 
Fig, 1 , establishes this fact in the case of a copper 

Oball ; and that the same law holds good for liquids, 
^ may be proved by taking a glass tube, a, &, Fig, 
6, open at the extremity, a, but having a bulb, c^ 
blown upon it at the other end. The bulb and a 
part of the tube, as high as i, is to be filled with 
any liquid substance, such as water, spirits of wine, or 
Tig. 7. oil ; and the heat of a lamp, d, applied. As the 

O liquid becomes warm, it dilates, as is shown by its 
rising in the tube; the dilatation increasing with 
the temperature. 

If now the liquid be removed from the bulb, and 
the tube be inverted, as shown in Fig. 7, in a glass 
of water, we can prove the same fact for gaseous 
substances, taking, as the type or representative of 
them, atmospheric air ; for, on simply grasping 
the bulb, c, in the hand, the air which is in it di-. 
lates with the warmth, and bubbles pass in succession 
from the open end of the tube, throOgh the water in the 
glass, d, 

— — ^^^— ^-^— -^— — — — — ^— — — ^— k , 

Through what causes does the temperature of a body descend ? What 
ii meant by transference and by equilibrium ? In how many ways can 
caloric he transferred ? How many varieties of radiation are there ? By 
what means can it be proved that solids, liquids, and gases expand as 
tiieir temperfttore rises, and contract as it descends 7 
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We conclude, therefore, that solids, liquids, and gases 
expand as their temperature rises, and contract as their 
temperature falls. 

The magnitude of all objects around us is determined 
by their temperatures. A measure which is a yard long 
in summer is less than a yard in winter ; a vessel which 
holds a gallon in winter will hold more than a gallon in 
summer. And as the degrees of heat vary not alone at 
different seasons of the year, but also during every hour 
of the day, it is clear that the dimensions of all objects 
must be undergoing contiu\ial changes. The appearance 
of stationary magnitudes which such objects present b 
therefore altogether a deception. 

Heat thus determines the size of bodies*; it also de- 
termines their form. As we have said, there are three 
forms of bodies, solid, liquid, and gaseous. A mass of 
ice, if exposed to a temperature of above 32^, melts into 
water; and if that water be raised to 212°, it passes into 
the form of steam — a gaseous body. The assumption of 
the solid, the liquid, or the gaseous condition, depends 
on the existing temperature. 

In the same manner that it affects our measures of 
space, caloric affects our measures of time. Clocks and 
watches measure time by the vibrations of pendulums, or 
the oscillations of balance wheels, the uniformity of the 
action of which depends on the uniformity of their size. 
When the temperature rises, the rod of a pendulum 
lengthens, and its vibrations are made more slowly; the 
clock to which it is attached loses time. When the 
temperature declines, the pendulum shortens; it beats too 
quick, and the clock gains. Similar observations may be 
made in the case of watches. To obviate these difficulties 
many contrivances have been invented, such as the grid- 
iron pendulum, the compensation balance wheel, &c. 
Advantage has also been taken of such substances as ex- 
pand but little for a given elevation of temperature ; and 
thus excellent clocks have been made, the pendulum rods 
of which were formed of a slip of marble. 

The natural, as well as the artiiicial measures of time, 
depend on the influence of heat. Our unit of time — ^the 

Is there any variation at different seaaons in the leneth of measurei oe 
the capacity of vessels ? What is it diat determines the form of bodies 7 
How can caloric affect our measures of time 7 By what contrivances has 
this difficulty been avoided ? 

B 
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day — is the period which elapses during one complete 
rotation of the earth on her axis. The length of this pe- 
riod is determined by the mean temperature of her mass. 
Should the mean temperature of the whole earth fall, her 
magnitude must become less, or, what is the same thing, 
her diameter must shorten. It results from very simple 
mechanical principles, that a given mass, the dimensions 
of which are variable, rotating on its axis, will complete 
each rotation in a shorter space of time as its diameter be- 
comes smaller. Thus, when we tie a weight to the end 
of a thread, and, swinging it round in the air, permit the 
thread to wrap round one of the fingers, as the thread 
shortens by Y^^rapping, the weight accomplishes its I'evolu- 
tion in a less penod. Now, transferring this illustration 
to the case before us, if the mean temperature of the earth 
had ever declined, she must have become less in size, and, 
therefore, turned round quicker, and the length of the day^ 
must have necessarily been less. But astronomical ob- 
servations, for a period of more than 2000 years back, 
prove conclusively that the length of the day has not 
changed by so small a quantity as the j^ part of a second, 
and we therefore are warranted in inferring that the mean 
temperature of the globe has not perceptibly fallen. 

The distribution of heat on the surface of the earth de- 
termines, for the most part, the distribution of animals 
and plants ; to each climate its proper denizens are as- 
signed. It is this which confines the lion to the torrid re- 
gions, and the white bear to the frigid zone. In the case 
of man, who has the power of accommodating his diet and 
his dress to external requirements, almost any part of the 
earth is habitable. Plants, like the inferior animals, have 
their localities determined chiefly by the influence of heat. 
It is for this reason that even in tropical climates, if we 
ascend from the foot to the top of a very high mountain, 
we successively pass through zones occupied by trees 
and plants which, differing strikingly from one another, 
have analogies with those which occupy respectively the 
torrid, the temperate, and the frigid zones, on the general 
surface of the earth. 

Do these distarbances a£fect the natural as well na the artificial meas- 
Qres of time? How can it be proved that the -mean temperature of the 
earth has not for many centuries changed ? What is it that chiefly de- 
termines the distribution of plants and animals ? 
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LECTURE IV. 

Expansion op Gases and Liquids, — Rudberg'*s Law.-^ 
Regularity of Gaseous Expansion, — Ascentumal Power 
of expanded Gas, — Amount of Air contained in the safne 
Volume at different Tefnperatures. — Gas Thermometers, 
— Expansion of Liquids. — The Mercury Thermometer, 

If we compare together the three forms of bodies, as 
respects their changes of volume under the influence of 
heat, we shall find that for a given rise of temperature, 
gases expand the most, liquids intermediately, and solids 
least of all. To this rule but few exceptions are known ; 
liquid carbonic acid, however, expands about four times 
as much as any gaseous body. 

Recent experiments have proved that gases differ among 
themselves in expansibility, though the differences are 
not to any great extent. For the permanently elastic 
gases, atmospheric air may be taken as the type ; the ex- 
periments of Rudberg show that it expands j^-^ of its 
volume at 32^ for every degree of Fahrenheit's ther- 
mometar. As the same quantity of gas occupies very 
different volumes at different temperatures, it is necessary, 
in this and other such cases, to state some specific tem- 
perature at which the estimate of its volume is made; 
the same gaseous mass occupies a much greater space at 
75^ than it does at 32^. In the instance before us, we 
consider the original volume to be that which the gas 
would have at 32^, and as has been said, every degree 
above that point will increase the volume by f\-^ of the 
bulk it then possessed. 

Gases expand with uniformity as their temperature in- 
creases. Ten degrees of heat produce the same relative 
effect, whether applied at a low or at a high temperature ; 
this rlBgularity probably arises from the want of cohesion 
which the gaseous particles exhibit ; as we shall presently 
see, it is not observed in the case of liquids and solids. 

Of solids, ]i(pidSy and gases, which expand most by heat ? In what 
respect is liqmd carbonic acid peculiar? Is there any difference among 
gases in their rates of expansion ? What is Rudbei^s estimate of the 
amoont of expansion of air? Why are we required in these coses to 
adopt a iptRsinc temperatore ? Do gases expand nnifondy. 
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Tha change in specific gravity of atmospheric air, when 
f^ g It ia warmed, ia the cause of the rise of 

ntgolfier ballnons. These, which 
re invented in France in the year 
1782, consist of a bag, or globe, of light 
i tnaterialB, such as paper or silk, with an 
I aperture at the lower part, through 
T which, by the aid of comhuatihle ma- 
terial, SB Straw or Bhavings, the air in 
the interior may he rarefied. On a 
small scale, ihey may be made of thin 
ue paper, pasted together bo as to 
form a sphere of two or three feet in diameier, an aperture 
being cut in the lower portion six inches or more in width, 
and beneath it a piece of sponge, soaked in spirits of wine, 
suspended. This being set ou fire, the flame rarefies the 
air in the interior of the balloon, which, though it might 
be at first flaccid, aoon dilates, and the whole apparatus 
will now rise in the air, precisely on the same principle 
that a cork riaea from the bottom of a vessel of water. 

From the circumstance that the volume of air changes 
so readily with changes of temperature, contracting under 
the influence of cold, and dilating under that of heat, it is 
plain that in different climates on the earth's surface a 
very different amount of atmospheric air is included under 
the same measure. A vessel which will hold precisely 
one ounce weight at the mean temperature of New York, 
will hold more than an ounce in the cold polar regions, 
and less than an ounce in the tropics. In (be former sit- 
uation the air is more dense, because it is in a contracted 
condition by reason of the low temperature, and therefore 
a greater weight is included under a given volume ; in 
the latter, the reverse is the case. These facts are sup- 
posed to be connected with certain physiological results, 
as we shall bereailer see. 

'The expansions of atmospheric air taking place with 
regularity as the temperature riaea, that substance is oc- 
casionally employed as a means of thermometric admeas- 
urement. The air therraoraeier, called also Sanctorio's 
thermometer, but which was invented by Galileo about 

'Wfaat are MontgolGcr btlloima, sod why do Ihey riee T \Vtiy is it that 
the weight of MT in a given measofe in different Bt different pliicoi? De- 
■cribe the thermomeMroCSuiotorio. By whom iru it really iDvenl«dt 
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1603, consists of a tube ot glass, a. Fig. 9, ter- 
minated at its upper extremity by a bulb, b ; the 
other end of the tube beiD» opeo, dips beneath 
the surface of some colored water in a cup or res- 
ervoir, c, which Hervea also as a foot en' support to 
the instrument. The bulb and part of die tube 
are full of air, the remainderof the tube is occupi- 
ed by the colored water, which by its movements 
up and down serves to indicate changes in the 
volume of the included air. To the side of the 
tube a scale of divisions is a£li.\ed, and the tube is 
not arranged so tightly in the neck of the r 
that there is a free passage for the air in and out of that 
part of the instrument. On touching the ball with (he 
fingers, the air within it becomes warm, dilates, and de- 
presses the liquid in the tulie, or, on touching it with any 
cold body, it contracls, and the liquid rises. 

This form of thermometer is liable lo a dif- pig. lo. 
ficuity which renders it impossible to rely 
upon its indications, except under particular 
circumstances. It is affected by ' ' 
atmospheric pressure, as well as by changes 
of heat. To prove that this is the case, place 
Buch a thermometer under the receiver of an 
air pump, as shown in Fig. 10 ; on prodi 
tho slightest degree of rarefaction, the liiji 
in the tube \a instantly depressed, and on ' 
storing the pressure of the 
position. 

The diSerential tfai 



going difficulty. 

glass tube, a £,i^i$'. 11, bent into 
3ie form represented in the fig- 
ure, with a bulb blown on each 
extremity. To the horizontal 
part a scale of divisions is affixed. The bulbs are full of 
atmospheric air, and in the tube there is a email calumn 
of colored liquid, which serves by its movements as an in- 

Hiiw CRD the use of this iostromootbe Ulonratcdl By whnt diiliiH> 
iDgcaiiMiBBuKCorio'llhermomeleraflbcledT Haw may that be pnved I 
Deacribe die differential tliemonieter. 
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dex. To understand the action of this instrument, it ii 
only necessary to conaiderwhat will take place wfaeniiB 
carried into a room the temperature of which ia TGiy higli 
or very low. If the former, the air in both bulbs, becom- 
ing equally warm, will expand in both equally, and^Sc 
column of fluid which acts as an index being preweJ 
equally in opposite directions, does not move at aU. If 
the latter, the air in both bulbs cooling equally, contiBdi 
equally, and again no movement ensues. It io immatvii' 
al, therefore, whether we warm or cool both bulbs, ibe 
instrument ia motionless. But if one of the bulbe, c, ii 
made warmer than the other, d, movement at once ensoa 
in the liquid column from c toward d. Movement of tin 
index, therefore, takes place when the bulbs are at difiei- 
ent temperatures, and hence the inetrumest ia called a 
differential thermometer. It was formerly of considera- 
ble use in researches connected with radiant beat. 

Fw- u- Different liquids expand difiei^t- 

ly for the same thermometric dis- 
turbance. This is easily shown bj 
an apparatus, as Fig. 12, in which 
we have three tubes, a, b, e, with 
I bulbs on their ends, dipping into 
a trough,y; of tin plate. The tuba 
1 and bulbs should be all of the same 
md filled with the liquids to b« 
tried to the'same heigliL To each a scale is annexed. 
Let a be filled with quicksilver, 6 with water, and c with 
alcohol ; on pouring not water into the trough, two phe- 
nomena are witnessed: Ist. All the liquids expand; 2d. 
They expand unequally when compai-ed together, the 
mercury expanding least, the water intermediately, and 
the alcohol moat 

Unlike gases, all lii^uids expand irregularly as their 
temperature rises, a given amount of heat producing a 
much greater effect at a high than at a low temperature^ 
Ten degrees of heat, applied to a given liquid at S00°, 
will produce a greater expansion than if applied at 100**. 
The reason appears to be, that as a liquid dilates its co- 
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liesive force becomes less, because its particles are being 
Temoved farther irom each other ; and, as the cohesive 
£>i-ce weakens, its antagonistic power, the heat, produces 
It greater effect. 

Advantage is taken of the piftpertieB of liquids '^S* "' 
in the making of thevmometers. For these pur- " 

poses, alcohol and mercury are the fluids selected. 
The mercurial thermometer consists of a fine cap- 
illary tube. Fig. 13, with a bulb blown on one 
end ; the bulb and part of the tube are to be fill- 
ed with quicksilver, and the air expelled from the ' 
rest of the tube by warming the bulb until the -. 
metal rises by expansion to the top of the tube, 
and at that moment hermetically sealing the glass 
by melting the end of it with a blow-pipo. As 
the thermometer cools, the quicksilver retreats ; 
irom the top of the tube, and leaves a v 
above it. 

It remains now to annex such a scale to the \ 
instrument as may make its indications compar- 
able with other instruments. To effect this, 
the thermometer is plunged into a vessel con- 
taining melting ice or snow, and opposite the 
point at which the quicksilver stands 18 marked 
32°. It is then transferred to another vessel in 
■which water is rapidly boiling, and the point op- 
posite which it then stands is marked 21S°. The inter- 
vening space is divided into 180 equal parts; these are 
degrees, and similar divisions are made on the scale for 
all points above 212°, and helow 32°. The zero point, 
or cipher of the scale, is therefore 32 degrees below the 
fireezmg point of water. 

The melting of ice and the boiling of water are the fix- 
ed therraoraetric points. They have been selected for the 
purpose of rendering thermometers comparable with each 
Other. The numbers which are attached to these points 
are arbitrary, and accordingly three different scales have 
been introduced in different countries. That which is 
commonly used in America and Bngland is the Fahren- 
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belt scale, which, as we have just seen, makes the meldug 
point of ice 32^, and the boiling of water 212^. In 
France, the Centigrade scale is employed ; this has for 
the melting of ice 0^, and for the boiling of water 100^. 
In some parts of Europe, Reaumur's scale is used, the 
points of which are respectively 0^ and 80^. Chemical 
authors always specify the thermometer they use by a 
letter attached to the numbera ; thus, 212 F, 100 C, 80 R, 
refer to the boiling of water on Fahrenheit's, the Centi- 
grade, and Reaumur's scales. It is obvious that these de- 
grees are readily convertible into each other by a simple 
arithmetical process. 
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LECTURE V. 

Expansion op Liquids and Solids. — Imjyortance of the 
Thennometer, — Alcohol T/iermometer. — Point of Max- 
imum Demity of Liquids. — Maximum Density of Wq" 
ter connected with Duration oftJic Seasons, — Exjtansion 
of Solids, 

From the considerations advanced in Lecture III., we 
can perceive the importance of the thermometer. As all 
our measures of space and time are affected by variations 
of temperature, the thermometer, which measures those 
variations, must necessarily be one of the fundamental 
instruments of physical science. If we state that a given 
object is a foot long, we must specify the temperature at 
which the measure was taken, f<>r at a lower tempei-ature 
it will be less than a foot, and at a higher it will be more. 

There are several peculiarities which quicksilver pos- 
sesses that eminently fit it to be a thermometric fluid. 
1st. It can always be obtained in a state of uniform purity. 
2d. It expands with greater regularity than most liquids, 
as its temperature rises, and when included in a bulb of 
glass, as in the common instrument, the irregularity of 
expansion of the glass almost exactly compensates the ir- 
regular expansion of the quicksilver, and hence the true 

What is the Centigrade scale 1 Wliat is Reaumur's ? Can tliese be 
convoitud into each other ? Why is the thermometer such an important 
inatnnneut ? Wliat are the qualities which qoickjsilver {XMsesses which 
fit it for these uses ? 
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temperature is very accurately marked. 3d. The range 
of temperature between the points of solidification and 
boiling is great, the former being — 39® Fahrenheit, and 
the latter at 662^ Fahrenheit ; that is, about seven hundred 
degrees. 4th. It does not soil or moisten the tube in 
which it is contained, nor does it adhere thereto, but 
moves up and down with facility. 5th. It is affected much 
more readily than water or spirits of wine by a given 
■amount of heat, as we shall see when we come to speak 
of the capacity of bodies for caloric. 

When very low temperatures have to be measured, 
such as approach or are below the freezing point of quick- 
silver, we resoit to thermometers filled with alcohol, tinged 
■with some coloring matter to make its movements vis- 
ible. This fluid requires a diminution of temperature of 
more than 180^ below the zero of our scale before it 
solidifies, and hence is adapted to the measurement of 
low temperatures. 

If we take some water at 100*^ Fahrenheit, and, placing 
it in a vessel in which we can observe its volume, reduce 
its temperature, we shall find, agreeably to the general 
law heretofore given, that as it cools it contracts. As it 
successively passes through 80, 60, 50 degrees, it exhibits 
a continuous diminution ; but as soon as it has fallen be- 
low 39^, although it may still be cooling, it begins to ex- 
pand, and continues to do so until it reaches 32^, when 
it freezes. If we take some water at 32° and warm it, 
instead of expanding, it contracts, until it reaches 39°; 
but from that point, any farther elevation of temperature 
causes it to obey the general law, and it expands. 

It is obvious, therefore, that if we take water at 39°, 
it is immaterial whether we warm it or cool it, it will ex- 
pand. At that temperature, therefore, this liquid occu* 
pies the smallest bulk, and is at its greatest density, for 
neither by cooling nor warming can we reduce it to small- 
er dimensions. The particular thermometric point at 
which this takes place is designated " tke 'point of maxi- 
mum density of water, ^* and very exact experiments show 
that it is about 39i° Fahrenheit. 

Under what circumstances are alcohol thermometers used ? Does water 
contract regularly when cooled from lOOP to 32° ? Doe ^ it regularly ex- 
pand when warmed fvoia 32° ? At what thermometric point does that 
change take place 7 Wliat is the designation given to that point? Vfkxy 
is that designation appropriate ? 
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There are many liquids which thus have points of mai- 
iinum density, and which expand previous to assaniiij 
the solid form. In the act of solidifying, ivater undergoa 
a very great dilatation, amounting to about ^th of its ^ 
ume ; this is the reason that ice floats upon it. Seven 
melted metals exhibit the same phenomenon, and adm- 
tage is taken of the fact in the arts. The alloy of wbick 
printers* types are formed, or stereotype plates cast, iii4» 
act of solidifying, expands, and hence tbrces itself ioti 
every part of a mould in which it may be poured, vi 
copies it perfectly ; the same is the case with melted cat 
iron. But it is impossible to obtain good castings iviii 
such a metal as lead, which contracts as it cools, and then' 
fore tends to separate from the surface of the mould, d 
to leave vacant spaces in it. 

The fact that water possesses a point of maximum den- 
sity is connected, to a great extent, with several remaik- 
able natural phenomena ; the freezing of w^ater on itt 
surface is one of these results. If the water contracted 
as it cooled, the colder portions would descend, and riven 
or ponds would commence to freeze at the bottom finl. 
the solidification advancing steadily upward. Such col' 
lections of this liquid would, during the course of a wit' 
ter, become solid masses of ice, and they would gieatlj 
prolong that season of the year, from the length of time 
required to thaw them. But with things as they at piw- 
ent exist, the coldest water is the lightest ; it floats on the 
warm water below ; solidification takes place on the sor- 
face, and a veil or screen is soon formed which protects the 
liquid beneath. Wlien the warm weather of spiing ooBui 
on, the ice on the surface is in the most favorable posi' 
tion for melting, and thus the point of maximum denshj 
of water comes to be connected with the duration of dM 
seasons. 

We have already proved by the 

instrument represented in JPig» 4, 

that solid substances dilate as tbsk 

temperature rises. The same results 

may be made very apparent by the apparatus, JPig, 14. 

Are there othfer liquids which have points of maximum densi^ ? What 
advantage is taken (n this fact in the arts 1 Why does water freeze firrt 
on its surface ? How is it that tiieso facts are connected with the dvn- 
tion of the seasons? 
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EXPANSION OF flOLUML 28 

TJpon a strong basis or wooden board, a &, let there be 

^fastened two brass uprights, c d, with notches cut in them, 

eo as to receive the ends of the metallic bar, r. This bar 

ebould be very slightly shorter than the distance between 

tiie two uprights, that when it is placed resting in their 

grooves, if we take hold of it and move it, it will make a 

xattling sound as we push it backward and forward. If 

Xkow we pour hot water upon the bar, it dilates, as is 

proved on restoring it to its position between the uprights ; 

>t will no longer rattle, for it occupies the whole distance 

between them, and perhaps there may even be a difficulty 

in forcing it into the grooves. 

For the determination of very small spaces, the sense 
of hearing may often be far more effectually employed 
than the sense of sight. 

The pyrometer, ^ ^^' ^** 

of which we have ^ 

several varieties, is 
represented in Fig, 
15. It may serve to 
illustrate the fact 
that solid substan- 
ces expand by heat. 
It consists essen- 
tially of a metallic 
bar, a a, resting at 
one end against an 
immovable prop, e, the other end bearing upon a lever, h. 
The extremity of this lever presses upon a second lever, 
c, which also serves as an index. Upon the index-lever 
a spring acts so as to oppose the lever &, and the point of 
the index ranges over a graduated scale. 

If now lamps be applied to the bar, it expands, and the 
pressure taking effect on the lever, puts it in motion, the 
mdex traversing over the scale. On removing the lamp 
the bar contracts, and the spring pressing the lever in the 
opposite direction as soon as the bar is cold, brings the 
index back to its original point. 

How does the instroment, Fig. 14, pnnre that a metallir bar expands 
whenheate4t I>eKrU>e tfaepyivneter andtfae modeof unngit. 
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LECTURE VI. 

Expansion op Solids. — Contraction of Solids. — Th^ 
expand irregularly. — Different Solids expand differeiA- 
ly. — Points of Max ijnujn Density. — Metallic Tkermm- 
ctcrs. — Nature of Thermometric Indications. 

It is a popular error, that when solid bodies have been 
heated, they do not return, on cooling, to their original size. 
Witliout resorting to any experimental proof, a few sim- 
ple considerations will satisfy us on this point. If a bar 
of metal be exposed for a length of time in the open air, 
it will of course be subjected to continual changes of tem- 
perature ; whenever the sun shines on it it will expand, 
and during the cold night it will contract. If now, on 
cooling, it did not rigorously come back to its original 
size, but remained a little elongated, we should observe it 
increasing from day to day, ana no matter how minute the 
difference might be, in the course of time it would become 
perceptible. Public edifices in cities are often surround- 
ed by railings of cast iron, which are constantly exposed 
for years to variations of heat and cold, but did any person 
ever observe them to grow or increase in size] We 
conclude, therefore, that solid bodies, on cooling to their 
original temperature, regain their original bulk. 

By linear dilatation we mean increase in one dimension, 
as in length ; by cubic dilatation, increase in all dimensions, 
length, breadth, and thickness. Knowing the amount of 
linear dilatation of a given solid, we can easily ascertain 
its cubic dilatation, by multiplying thefonner by 3, This 
result is near enough for practical purposes. 

Solids expand increasingly as their temperature rises, 
a phenonemon already observed in the case of liquids, 
and due to the same cause— a diminution of the cohesive 
force of the particles, because of their increased distance. 

Compared with one another, different solid substances 

What decisive proof can be given that solids, on coolinp; to their ori^fll 
temperature, come back to their original size ? What is linear dilata^on? 
Wliat is cubic dilatation ? How can the former bo converted intp the 
latter ? Does the same solid expand uniformly or increasingly i^ )t« tepj^ 
peratore rises ? 



COiMPENSATION BARS. 25 

expand differently for the same disturbance of tempera- 
ture. This may be shown by having bars of different 
metals, but of precisely the same lengths, adjusted to the 
grooves of the instrument. Fig, 14/ If a bar of brass and 
one of iron be compared, it will be found that the brass 
expands more than the iron, for it will entirely fill the dis- 
tance between the uprights, while the iron rattles between 
them. 

This difference of expansion is also shown when two 
long slips of metal are soldered together face to face. If 
we fasten in this manner a slip of brass to 
a similar slip of iron, as in Fig, 16, in 
which a a is the slip of iron and h b the 
slip of brass, at common temperatures the 
compound bar is adjusted so as to be 
straight, but if hot water be poured upon 
it, it immediately curves, as represented 
at a Cf the strip of brass being on the out- 
side of the curve ; if, on the other hand, it 
be artificially cooled, the curvature is in 
the other direction, as at b d, the U'on being on the out- 
side of the curve. All this is obviously due to the fact 
that, for the same disturbance of temperature, the brass 
contracts and dilates much more than the iron. When 
the temperature is raised, the brass becomes the longer, 
and compels the compound bar to curve, it occupying the 
greater length of the curve. When the temperature falls, 
the brass becomes the shorter, and the bar curves in the 
opposite direction. 

' by taking advantage of these metallic combinations, 
pendulums and balance-wheels for the accurate measure- 
ment of time have been constructed. The gridiron pen- 
dulum and the compensation balance are examples. 

There are some metallic bodies which exhibit points of 
maximum density in the solid state. Rome's fusible metal 
is an example. When heated from 32^ to 111^, it ex- 
pands, but after that point it contracts, and continues to do 
so until it reaches 156^, at which temperature it is actu- 
ally less than it is at 32^. From this point it again ex- 




po different solids expand alike 7 Of brass and iron, which expands 
most 1 Describe the construction of a compound bar, and the emct of 
warminff and cooling it What instruments are constructed on tfau prop- 
erty t^Vhat are tfie properties exhibited by Rose's ftuible metal 1 

c 
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MSTALLIO THBBIfOMBTEKS. 



pands, and continues to do so until it melts, which takci 
place at about 201^ Fahrenheit. 

Liquid thermometers have a limited range of indio* 
tion. They can not be exposed to degrees of heat ap- 
proaching the point of solimiication, for then their more- 
ments become irregular ; neither can they be used fo 
degrees near their boiling point, for if vapor should iota, 
the instrument would be destroyed. But as there are 
many metals which require a very great degree of heat 
to melt them, it might be expected that we should find 
among this class bodies well suited for thermometric por* 
poses. The instrument given in Fig. 15 serves to inus- 
trate such an apparatus, and also the difficulties encoun- 
tered in its use. From the small extent to which metals 
expand, this form of instrument requires levers, or wheds, 
or some multiplying machinery connected with it, to make 
the changes more perceptible ; but such mechanical con- 
trivances can not be employed without the introduction 
of certain causes of disturbance. Friction occurs on the 
centers of motion, the teeth of the wheels play on eadi 
other, and therefore the index, instead of moving with 
regularity and precision as the expanding bar presses, 
moves by starts often of several degrees at a time, then it 
pauses, and once more starts again, the whole movement 
Deing incompatible with exactness. 

A compound strip of metal, as represented in F^. 16, 
is free from many of these difficulties, and if of sufficient 

length, it will indicate temperatures 
with great delicacy. A modifica- 
tion of this instrument is known un- 
der the name of Breguet's ther- 
mometer. It consists of a very slen- 
der strip of platinum, soldered to t 
similar piece of silver, and curved 
into a helix, or spiral, a &, Fig, 17. 
It is fastened at its upper extremity 
to a metallic support, c c, and £rom 
its lower portion an index projects, 
which plays over a gi*aduated circle. The expansion of 
silver is more than twice as great as that of platina; 

Why can xK>t liquid tfaermometers be lued for vexy low and very higk 
temperatures ? What difficulties oociir in the vme of tiiia infitnunent t 
Pesoribe Bregaet'd (hermoipeter. 



Fig. 17. 




INDICATIONS OF THE THERMOMETER. 27 

when, therefore, the tempei-ature of the thin spiral rises, 
cur\'ature, with a corresponding motion of the index, takes 
place ; and if the temperature falls, there is a movement 
m the opposite direction, as has been already explained. 
This Breguet's thermometer is one of the most delicate 
instruments we have, for the mass of the spiral is so small 
compared with the mass of mercury in an ordinary ther- 
mometer, that every change in the surrounding tempera- 
ture is followed with rapidity and precision. 

For many purposes in science and the arts, it is necessa- 
ry to determme temperatures above a red heat. Darnell's 
pyrometer is intended to meet these occasions. It con- 
sists of an arrangement by which the expansion of a bar 
of iron or platinum, while exposed to the heat to be meas- 
ured, is registered. The amount so registered is subse- 
quently determined upon a divided scale, and the tem- 
perature estimated therefrom. By the aid of such an 
instrument very high temperatures may be determined, 
and thus it has been shown that brass melts at 1869^ 
Fahrenheit, copper at 1996^, gold at 2200^, and cast iron 
at27860 "^ - 

The thermometer is commonly regarded as a measurer 
of heat. A little consideration will satisfy us that it is 
only so in a limited sense ; it does not indicate the quan- 
tity of heat present in the bodies to which it is exposed, 
for if immersed in a glass of water and a bucket of water 
drawn from the same well, it stands at the same point ; 
but of course there are very different quantities of caloric 
in the two cases. It is not, therefore, the quantity of heat, 
but the intensity, which it measures ; that is to say, not the 
quantity abstractly, but the quantity contained in a given 
space; and in the mercury thermometer, that space is 
measured by the volume of the mercury in the instrument 
itself. It does not tell how much heat is absolutely present 
in the substances to which it is exposed; and though it 
may stand at the same height in the same quantity of two 
different liquids, it does not follow that those liquids con- 
tain the same amount of caloric, as we are immediately 
to see. 

Why is thia instrament so sensitive ? Describe the principle of Daniell's 
pyrometer ? GKve the melting points of some of the most nnportant me^ 
iu. Does ^e thermometer measure the heat to whidi it is ®^n?^®~ • 
What is it, then, that it does actually nteasoie t What is meant by tlie 
intensity of heat 7 
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LECTURE VII. 

Capacity of Bodies for Heat. — Methods of determvm^ 
Capacities. — Warmiiig, — Melting.'^ Cooling. — Jtftx- 
ture. — Comparison between the Thermometer and Cal- 
orimeter, — Definition of Specijic Heat, 

Many years ago it was discovered by Boyle, that if two 
bottles of the same size and form were filled with differ- 
ent liquids, and placed before the fire so as to receive its 
heat equally, their temperature did not rise similarly; 
thus, if one bottle was filled with water and the other with 
quicksilver, the temperature of the latter would rise much 
more rapidly than that of the former ; and, on making 
the experiment with a little care, it will be found that the 
sfimie quantity of heat will raise the temperature of ^le^ 
cury twice as high as that of an equal volume of water. 

By extending these experiments to other substances, it 
has oeen fully proved that different bodies require different 
amounts of heat to warm them equally. 

There are several different methods by which the ca- 
pacity of bodies for heat may be determined, such as, Ist, 
oy warming; 2d, by melting; 3d, by cooling; 4th, by 
mixture. 

The first of these methods has already been illustrated 
by the experiment of Boyle. It consists essentially in ex- 
posing the same weight of the substances to be tried to a 
uniform source of heat, as, for example, a bath of hot water, 
and examining how high their temperature has risen in a 
given space of time. Thus it will be found that it takes 
twenty-three times as long to warm water as to warm 
mercury, when equal weights are used, and hence we 
infer that the capacity of water for heat is twenty-three 
times that of quicksilver. 

The second process is involved in the action of the cal- 
orinjeter, the operation of which may be easily under- 
•tood from Fig. 18. Take a solid block of ice, a a, in 
which a cavity of the form represented at & has been 

Dvfcribe Boyle's experiment with water and quicksilver. To what 
general result do such experiments lead ? State the different methods by 
which capacities ps be^ n^av be determined. Give an iUustratiou of the 
first process.. 




THE CALOXIUBTBK. 

made, and provide a elab of ice, e c, "w- ■*■ 

which may close completely the mouth ^ 

of the cavity. Suppose it were r 
quired to determine the relative c 
pacities of water and quicksilver f 
heat. Ill a glass flask, d, place oi 
ounce of water, and by immersing 
the flask in a bath of hot water, raise 
up to a given point, 
mple, 200° ; then place the flask at thia tem- 
perature in the cavity i, and put on the cover, c c. The 
hot water in the flask begins to cool, and in descending to 
32°, the point to which it will eventually come, a certain 
portion of the surrounding ice is melted, the water re- 
sulting therefrom collects in the bottom of the cavity, and 
when the cooling is complete, it may be poured out and 
measured. 

In the next place, put in the flask one ounce of quick- 
silver, the temperature of which is raised as before to 
200° by immersion in the hot-water bath ; deposit the 
flask in the ice cavity, and put on the cover. As the quick- 
silver cools, the ice melts, and when the collected water 
is measured, it ia found to be leas than in the other caae, 
in the proportion of 1 to 23. A given weight of water 
-will therefore melt 33 times as much ice as an equal 
weight of quicksilver, in cooling through the same number 
of degrees. 

The calorimeter of Lavoiaier, which is repreaented in 
Fig- 19, acts on the aame prin- 
ciple as the block of ico. It 
consists of a set of tin vessels 
within each other; in the cen- 
tral one, 1, the substance to be 
examined is placed, and be- 
tween this and the next vessel, 
at h, the ice to be melted is 
introduced, broken into small 
fragments ; the water arising 
from the melting flowing ^ 
' through a stopcock, c, at T 

Show bow the capacitie* of water and mermry may be iuoert»iD8d by 
tiw aecond. What are tbe relative eapacitiei or equal weigfaM of these 
bodiei t Describe the cakirimeter of Lavoiaier. 

C2 
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bottom into a measuring glass ; and in order to aroid mj 
portion of the ice being melted b j tbe WBrm external lir, 
anotlier layer of fragments of ice is placed on the outside 
at d^ and the water arising frt>m it is carried oflf by a lat- 
eral stopcock, e. 

The third process, the method by cooliDg^, known ak) 
as the method of Dulong and Petit, consists easentiallj is 
ascertaining the length of time required to cool through t 
given number of degrees. A substance "which, like water, 
has a great capacity for caloric, and therefore contains a 
large amount of it, requires a greater length of time to 
cool ; but one like quicksilver, the capacity of which is 
small, having less heat to give forth, requires a corre- 
sponding short space of time. The method by coohng re- 
Suires several precautions; among others, the bodies rat 
er investigation should be placed in vacuo. It gives very 
exact results. 

The method by mixture may be readily understood. 
If a pint of water at 50° be mixed vnth a pint of water at 
lOQO, the temperature will be 75°, that is the mean. But 
if a pint of mercury at 100° be mixed with a pint of wa- 
ter at 40O,"the temperature of the mixture will be 60^: 
so that the forty degrees lost by the mercury can only 
raise the temperature of the water twenty degrees. It 
appears, therefore, that when equal volumes of these flu- 
ids are examined, the capacity of the water for heat is 
about twice as great as that of mercury, and of course the 
resist becomes still more striking when equal weights are 
used, being then, as we have seen, in the proportion of 1 
to 23. 

The method of mixtures is not limited to the investiga- 
. tion of liquid substances, but it may also be extended to 
solids. Thus, if a pound of copper, heated to 300°, ba 
plunged into a pound of water at 50°, the resulting tem- 
perature is 72° ; from which it appears that the capacity 
of water for heat is about ten times as great as that of 
copper. 

By resorting to these various methods, the capacities 
of a great number of substances have been determined, 
and in the treatises on chemistry, tables exhibiting such 
results are given. But it will have been noticed, from the 

Describe the method of Dalonp^ and Petit Describe the method by 
mixtare. Is tliis limited to liquid substaiiices ? 
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Saregoing instances, that it is not the absolute quantities of 
heat in bodies that we thus determine, but only relative 
quantities in substances compared together. Such ta- 
bles require, therefore, one substance to be selected with 
which all the others may be compared, and for solids and 
liquids water has been chosen. Its capacity for heat is 
represented by 1*000, and with it they are compared. For 
gaseous bodies atmospheric air is chosen. 

By contrasting the nature of the results given by the 
calorimeter, Fig. 19, with the indications of a thermom- 
eter, we shall see more clearly what it is that the latter 
instrument in reality points out. The calorimeter meas- 
ures quantities of heat, the thermometer intensities. As 
has been said, a thermometer placed in two vessels of 
different capacities, filled with water from the same source, 
will stand at the same height in both, and indicate the 
same temperature. But it needs no experiment to assure 
us that, if these different quantities of water were placed 
successively in the interior jof the calorimeter, they would 
melt different quantities of ice, the one melting more of 
the ice in proportion to its greater weight compared with 
the other. 

Dr. Black, who was one of the early investigators of 
these phenomena, introduced the term "Capacity of Bod- 
ies for Heat," implying the idea that this principle, enter- 
ing their pores, could be taken up by different bodies in dif- 
ferent amounts. Thus, if we have two pieces of sponge 
of the same size, one of which is of a very dense, and the 
other of a porous texture, and cause them to imbibe as 
much water as they can hold, the porous sponge will of 
course contain the greater quantity. These sponges may 
therefore be said to have different " capacities for water ;*' 
and this is precisely the idea which is conveyed in Black's 
doctrine of capacity. 

But, upon these principles, it would follow that the 
lighter a body is, that is, the greater the interstices between 
its atoms, the more caloric it should be able to contain. 
Oil, therefore, which will float upon water, ought to have 
a greater capacity for heat than water; but, in fact, it is 

Do we diiis detenaine the absolute quantities of heat in bodies ? "Wliafe 
substance is used to compare solids and liquids ? What is the substance 
for gases ? How do the indications of the calorimeter compare with thoae 
of the thermometer ? On what analogy is Black's doctrine of "capacity' 
founded 7 What is the objection to tms doctrine 7 



S2 TABIATIONS OF SPECIFIC BBAT. 

the reverae, for its capacity, instead of being greater, is 
not one half. To avoid these difficulties, the term spe- 
cific heat has been introduced by most ivriters, and the 
term capacity abandoned, a change which I think is to 
be regretted. 

The specific heat of bodies, or their capacity for calor- 
ic, increases with their temperature. Upon Black's doc- 
trine, the cause of this is readily understood, for, in sim- | 
pie language, the pores become larger, and there is there- 
fore room for more heat. Solid substances, when violent- 
ly compressed, evolve a portion of their caloric : thus, a 
piece of soft iron, when hammered, becomes red hot 
The doctrine of Black here again offers a ready expla- 
nation, for on the same principle that a sponge, when com- 
pressed, allows a certain portion of its water to exude, so 
the metalline mass, when its particles are forced together, 
allows some of its caloric to escape. 



LECTURE VIII. 

Capacity for Heat and Latent Heat. — Yariahilityoj 
Capacity under Compression and Dilatation. — 2%eory of 
the Formation of Clouds, — T%e Fire Syrifige. — Cold in 
the upper Regions of the Air, — Connection between Spe- 
cific Heat^ and Atomic Weights. — Latent Heat, — Ca- 
loric of Fluidity. 

When the volume of a gas increases, its capacity for 
heat increases, and a diminution of volume is attended 
Fig. 20. with a diminution of capacity. Thus, if we 
^ place a Breguet*s thermometer under the re- 
ceiver of an air pump, arid exhaust rapidly, a 
sudden reduction of temperature is indicated^' 
arising from the fact that, as the rarefaction is 
effected^ the capacity increases, an increase 
which is satisfied at the expense of a portion of 
the sensible heat. 

Upon the same pnnciple we can explain the sudden 

What is meant by specific heat? Does the capacity of bodies change 
with their temperature? Does it change under compression? How is 
this explained agreeably to Black's doctrine? When the volume of a 
gas changes, what are the changes in its specific heat ? What is tho 
not which the experiment oS Fig. 20 proves? 





FORMATION OF A CLOUD. 33 

ippearance of a fog or cloud, when moist air is quickly 
rarefied. It will be seen, when I come to speak of the 
nature of vapors, that the quantity of vapor which can 
exist in a given space depends on die temperature ; thus, 
if a space saturated with vapor is cooled, a portion of the 
vapor assumes the liquid form. When, therefore, by 
the aid of an air pump, we suddenly rarefy air saturated 
with moisture under a receiver, the capacity increases, 
cold is produced, and a part of the water takes on the 
form of drops. It is on this principle that the i^^. 31. 
nephelescope acts : it consists of a receiver, a. 
Fig* 21, connected with a flask, c, by an inter- 
vening stop-cock, b ; the stop-cock being closed, 
the receiver is exhausted by the pump, and 
now, on suddenly opening the stop-cock, so that 
the air contained in the flask may rapidly ex- 
pand into the receiver, a mist or cloud makes 
its appearance, due to the deposit of water in 
the form of minute drops. If the air at the time 
be very dry, it may be purposely rendered 
moist by being exposed to water. 

When atmospheric air is suddenly compressed, its ca- 
pacity for heat diminishes ; this is well shown by ng.^, 
an instrument such as is represented in Fig. 22, 
consisting of a syringe, with a piston moving per- 
fectly air tight in it. On the end of the piston 
there is an excavation, in which a piece of tinder 
may be fastened ; the piston being rapidly forced 
into the syringe, the air is compressed, the capacity 
for heat becomes less, caloric is evolved, *&nd the 
tinder set on fire. At one time these syringes were 
used as a means of obtaining fire. 

The variation in capacity of Substances under variation 
of volume may be clearly understood and readily borne 
in mind by Black's doctrine, as illustrated in the case of 
a moistened sponge. If a sponge which has imbibed as 
much water as it can hold be compressed, a portion of 
the water exudes, just as the air in the syringe allows a 
portion of its heat to escape when pressure is made. On 

• VSThat is the theory of the production of ckmds 7 Describe thenop^el- 
eioope. What is the result of the action of this instrument T When air 
i» compressed, why docs it emit heat? How can these changes be ao- 
ooonted for by Black's doctrine ? 
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relaxing the force on the sponge, and allowing it to dilate, 
it will take up an increased quantity of Mrater ; and air, 
when suddenly dilated, as we have seen, has its capacity 
for heat increased. 

From these facts, it appears that the heat of bodies 
exists under two different forms, as sensible and insensible 
heat. In the experiment with the syringe, just related, 
the heat that sets fire to the tinder existed previously to 
compression in the air ; it existed as insensible beat, but 
during the compression it put on the form of sensible heat. 
The same transition is also recognized in the action of the 
nephelescope ; the heat, which was sensible before rare- 
faction, becomes insensible, and cold, or a depression of 
temperature, is the result. 

The great degree of cold which reigns in the upper 
regions of the atmosphere is due, to a considerable extent, 
to the capacity of that dilated air for heat. On the same 
principle we can explain the formatioiv- of clouds from 
transparent atmospheric air : a stratum of air, reposing on 
the surface of the sea, or the moist eaith, becomes satu- 
rated with vapor; by the warmth of the sun or other 
causes, it begins to rise in the atmosphere, and as it rises 
it expands, because the pressure upon it is continually 
becoming less. An increased capacity is the result of its 
dilatation, and, as is the case in the nephelescope, cold is 
produced, and a deposit of a part of the moisture takes 
place ; this moisture, appearing under the form of minute 
drops, is what we call a cloud. 

From the small capacity of quicksilver for heat, we see 
one of the reasons that it is a suitable substance for form' 
ing thermometers; it warms rapidly and cools rapidly, 
and therefore follows variations of temperature much more 
promptly than water and most other liquids. 

There is a connection between the specific heat of sev- 
eral simple bodies and their atomic weights, pointing out 
the fact that elementary atoms have in many instances 
the same specific heat ; recently the same conclusion has 
been established in the case of certain oxides, carbonatesi 
and sulphates. 



What are the relations between sensible and insensible heat 1 De- 
■cribe the mode in which clouds form. Why does the capacity of quick- 
silver fit it for a thermometrio liquid ? What is the relation of the epecifio 
heat of many elementary bodies ? 
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If we take a mass of ice, tbe temperature of which is at 
the zero point, and bring it into a warm room, examining 
the circumstances under which its temperature rises, they 
will be found as follows : the mass of ice, like any other 
solid body, warms with regularity until it reaches 32^ ; 
then, for a considerable period of time, no farther eleva- 
tion is perceptible, but it undergoes a molecular change, 
assuming the liquid condition ; when this is complete, the 
temperature again commences to rise. 

That we may have precise views of these facts, let us 
suppose that the mass of ice and the warm room into 
which it is carried have such relations to each other that 
the temperature of the former can rise from the zero point 
one degree per minute ; for thirty-two minutes the tem- 
perature of the ice will be found to increase, and at the 
end of that time, a thermometer, if applied, would stand 
at 32^. But now, although the heat is still entering the 
ice at the rate of a degree per minute, the process of 
warming ceases, and for 140 minutes no farther rise takes 
place ; the ice now commences to melt, and in 140 min- 
utes the liquefaction is complete. The temperature then 
again rises, and continues to do so with regularity. 

We infer from results like the foregoing, that about 
140 degrees of heat are absorbed by ice in passing into 
the condition of water; and as this heat is not discoverable 
by the thermometer, it is designated as latent heat. 

A similar fact appears when any liquid, such as water, 
passes into the gaseous or vaporous condition. Thus, if 
some water be exposed to a fire which can raise its tem- 
perature at the rale of one degree per minute, that effect 
will continue until 212° are reached; at that point, no mat- 
ter how much the heat be increased, the temperature re- 
mains stationary. The water undergoes a change of form, 
assuming the condition of a vapor, and the change is com- 
pleted in about 1000 minutes. In this, as in the £oTmeT 
instance, we infer that a large amount of heat has become 
latent, or undiscoverable by the "thermometer, and that it 
is occupied in establishing the elastic form which the 
water has assumed. 

^, m 1^^^^— M M ■ ■■ ■■ - ^^^^^11 ■■■■ ■■II^M.^BIll» ■■ll»^l» 11 • ^ 

Describe the change which ice nndei^^oes when warming. Is there any 
pMue in the elevation of its temperatnre 1 How many degrees of heat 
are absorbed daring the Uquefaction of ice 7 What is latent heat ? How 
many degrees of heat are abscnrfoed during the vaporizatioii of water? 
What is tbe latent heat of steam 7 
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The caloric which thus disappears when a solid a»- 
sames the liquid form, takes also the designation of caloric 
of fluidity, and that which disappears in the formation of 
a vapor, the caloric of elasticity. 

In the treatises on chemistry, tables may be found ex- 
hibiting the caloric of fluidity of different bodies ; thus, 
the caloric of fluidity of water is 14(P, that of melted lead 
1620, of bees' wax 1750, and of melted tin 500^. 

By the method of mixtures the ^ame results may be es- 
tablished; thus, if a pound of water at 32^ is mixed 
with a pound at 172^, the mixture will hare tlie mean 
temperature, that is, 102^; but if a pound of ice at 32^ 
be mixed with a pound of water at 172^, the mixture still 
remains at 32^, and the reason is clear, from the foregoing 
considerations, that ice in passing into the liquid state re- 
quires 140^ of caloric of fluidity which is rendered latent. 



LECTURE IX. 

Latent Heat. — Heat evolved in SoUdificationn-^Theory 
of freezing Mixtures. — Expansion during Solidijication, 
'■^Fixity of the Melting Point.-^Latent Heat connected 
faith the Vuration of the Seasons, — Nature of Vapors* 
'^Caloric of Elasticity. 

When a liquid assumes the solid form, a considerable 
amount of heat is evolved. The cause is readily under- 
stood, from what we have.^een taking place during the 
reverse process; which has led us to tne fact that tke 
f^^ 23. difference between any given solid and the 
liquid which arises from it by melting ia in 
the large amount of latent heat which is found 
in jtbe latter, and which is occupied in giriiyg 
k its form. 
I . A oatarated solution of sulphate of aoda 
may be cooled from its boiling point to com- 
mon temperatures, in a vessel tightly corked, 
1^ without solidification taking place ; but when 
the cork is withdrawn crystallization ensues. 

What is caloric of fluidity 7 What is caloric of elasticity ? How can 
tiie doctrine of latent heat be established b^ the method of mixtures f Is 
heat absorbed or evolved when a liquid solidifies T What is the canne of 
this T How can it be illustrated with a solution of sulphate of soda ? 
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and heat is evolved. This may be proved by taking a 
bottle, a a, Fig. 23, filled with such a solution ; and having 
introduced the bulb. of an air thermometer through the 
neck, b, by means of an air-tight cork, the mouth, c, of 
the bottle is to be carefully stopped. When the whole 
apparatus has reached the ordinary temperature of the 
air, the stopper at c is withdrawn, and solidification at 
once takes place, or, if it should at first fail, the introduc- 
tion of a crystal of sulphate of soda will bring it on. At 
that moment it will be perceived, that not only does the 
thermometer indicate a rise of temperature, but if the bot- 
tle be grasped, it will be found to be sensibly waim. 

With care, water may be cooled to a point far below 
that of freezing without assuming the solid form. If, un- 
der these unusual circumstances, it be agitated, solidifica- 
tion ensues, and heat is evoIVed, the temperature rising to 

ago. 

/• On these principles depends the action of freezing mix- 
tures, of which tho following is an example : If we take 
eight parts of crystallized sulphate of soda, and mix it in a 
thin tumbler with five parts of hydrochloric acid, the sul- 
phate of soda, from being a solid, assumes the liquid form ; 
and taking, in order to effect that change of form, caloric 
from surrounding bodies, it reduces their temperature- 
This may be shown by placing four parts of water in a 
thin glass test tube, and stining it about in the mixture ; 
the watei* speedily freezes, even though the experiment 
may be made on a warm summer day. 

In the treatises on chemistry tables of freezing mixtures 
are inserted. All these mixtures depend essentially on 
the principle under consideration — that latent heat must 
be furnished to a substance passing from the solid to the 
liquid state. They consist of various solid substances, the 
liquefaction of which is brought about by the action of 
other bodies; thus, in the instance we have seen, the sul- 
phate of soda is brought from the solid to the liquid state 
Dy muriatic acid, and heat- is necessarily absorbed. Into 
the composition of many of the most effective of these 
freezing mixtures ice or snow enters. Thus, a mixture 
of snow and common salt will bring the thermometer be- 

* Can water be cooled below 32° without freezing 1 Give Rn exam^e 
of • freezing mixture. What are the principlei on which freezing mix- 
tures act ? 

D 
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low the zero point, and when nitric acid is poured oo 
Bnow, the temperature falls as low as thirty degprees be- 
low zero. 

Many substances, when solidifying, expand. This is the 
case with water, in which the amount of expansion is about 
l^th of the bulk. The force which is exerted under these 
circumstances is very great, and capable to tearing open 
the strongest vessels. On a small scale, this may be easily 
shown by filling a bottle full of water, and, having intro- 
duced the cork, fastening it tightly down with a piece of 
wire. On putting such a bottle into a freezing mixture, 
for example, snow moistened with nitric acid, congelation 
promptly takes place, and the bottle is burst. 

The freezing point of water is usually spoken of as a 
fixed point, and is marked as such upon the scales of our 
thermometera ; but if water be cooled without allowing 
any movement or agitation of its parts, it may be brought 
as low as 15^. It is then in the same condition as the 
saturated solution of sulphate of soda just alluded to. 
The slightest motion is sufficient to solidify it. But though 
water will retain its liquid form far below its freezing 
point, ice can not be brought above 32^ without melting. 
The melting of ice, and not the freezing of water, is there- 
fore the fixed thermometric point. 

We have seen that the possession of a point of maxi- 
mum density by water exerts a great effect upon the du- 
ration of the seasons : a similar observation might be made 
as respects its latent heat. If ice, by the absorption of a 
single degree of heat, when it passes from 32^, could 
turn into water, the great deposits of winter would sud- 
denly melt, and inundations be frequent ; or, if water, by 
losing a single degree of heat, turned into ice, freezing 
would go on with great rapidity. To the melting of ice, 
or the freezing of water, time is necessary ; the 140^ of 
latent heat have to be disposed of; this, therefore, serves 
to procrastinate the approach of winter, and causes the 
spring to come forward with more measured steps. In 
autumn the water has 140^ degrees of heat to give out to 

What is the amoant of the expansion of water in the act of freeadnff f 
How may the force with which this expansion takes place be illnstrat^? 
Is the freezing point of water a fixed thermometric point ? How low can 
water be cooled without freezing ? Is the melting of ice, or the freesin^ 
of water, the fixed thermometric noint ? What connectioQ haa die latent 
heat of water with the daration or the seasons ? 
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BUtTDutiding bodies before it solidifies ; in spring it must 
receive the same amount before it will melt. This, there- 
fore, serves as a check upon sudden changes in the seasons. 

Having thus discussed the leading facts observed in the 
change from the solid to the liquid condition, let us now 
turn our attention to the second change of form, the pass- 
age from the liquid to the gaseous state. 

A technical distinction is made between a gas and a 
vapor; by the latter, we understand a gas which will 
readily take on the liquid form. 

Some of the leading peculiarities in the constitution of 
vapors may be exhibited by the following ng, 24. 

experiment : Take a glass tube, a a. Fig. 
24, with a bulb, b, blown on its upper ex- 
tremity ; pour water into the bulb, filling 
the tube to within an inch or two of the 
end ; this vacant space fill with sulphuric 
ether ; and now, closing the end of the tube 
with the finger, invert it in a glass of wa- 
ter, as is represented in the figure. The ether, being 
much lighter than water, at once rises to the upper part 
of the bulb, as is shown by the light space, the bulb being 
of course full of ether and water conjointly. 

On the application of a spirit lamp the ether vaporizes, 
and presses the water out of the bulb into the glass cup. 
Three important facts may now be established. 

1st. Vapors occupy more space than the liquids from 
which they arise. 

2d, They have not a misty or fog-like appearance, but 
are perfectly transparent. 

3d. When their temperature is reduced, they collapse 
to the liquid state. 

That the first of these observations is true, is at once 
seen on comparing the quantity of ether with the volume 
of vapor which has risen from it ; the ether occupying but 
a small space at the top of the bulb, the vapor fills it en- 
tirely. We perceive, moreover, that ethereal vapor does 
not possess that cloudy appearance which is popularly at- 
tached to the term vapor, but that it is as transparent as 

What if the distinction between a gas and a vapor ? Describe the ex* 
peiiment represented in Fig. 24. What is the difference between a va* 
por and the liquid which forms it, as to volume 7 Have vapors necesaarv 
ly a clondy appearance ? 
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atmospheric air. And, on removing the lamp, so that die 
temperature may fall, the liquid rushes up violently into 
the bulh, exhibiting the ready collapse of the ether vapor 
into the condition of a liquid. 

We have already proved that a large amount of beat 
becomes latent, constituting the caloric of ela^icity of va- 
pors. The temperature of steam is 212^, as is that of Ae 
water from which it rises ; but it contains about 1000° 
of latent heat, which gives to it its new form. Different 
vapors possess different quantities of latent heat ; thus for 
ether the number is 163^, for alcohol 376^, and, as vre 
have said, for water 1000^ • that is enough, were it a 
solid, to make it visibly red hot in the daylight. 



LECTURE X. 

•Vaporization. — Vapors form at aU Temperatures.-^ 
Form instantly in a Void. — Effects of removing' Pres- 
sure. — Measure of Elastic Force of Vapors. — Cumulc' 
tive Pressure. — Failure of Marriotte*s Law. — JElasticity 
increases with Temperature. — Maximum Density of Ffl- 
pors. 

Vaporization goes on at all temperatures. It is not 
Ft^^. 25. necessary that the boiling point should be 
reached ; even ice will evaporate away. The 
thin films of this substance often seen incrust- 
' ing glass windows may disappear without un- 
dergoing the intermediate process of fusion, 
and a mass of ice freely exposed to the air on 
a dry, frosty day, loses weight. Steam, there- 
fore, rises from water at all temperatures, but 
I with more rapidity and a higher elastic force 
I as the temperature is higher. 
^ 1*^ In a vacuum vapors form instantaneously. 
^lAtf I^ ^® ^^^^ ^ barometer, a a, Fig. 25, and 
-^^^-^ pass into the Torricellian vacuum which ex- 
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On reduction of the temperature, what phenomenon do they exhibit? 
How are these three facts proved ? What is the amount of caloric of 
elasticity of steam ? Mention it also in the case of ether and alcohol 
How can it be proved that vaporization goes on at all temperatores f 
What is the effect which ensacs when a vaporizablc liquid is posted into 
& Torricellian vacuum ? 



ErpEcra or change of pBEasoxe. 
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iata at ita upper part, a biqbII quantity of eulphuric ether, 
even before it haa reached the void space, vapor forme, 
and the mercuiy is inetantly depressed! Under ordinary 
circumstances, when the instrument, as at i i, is standing 
at 30 inches, the column at once falls to IS or 16, the 
space being now filled with the vapor of ether; and if in 
'' r liquids are tried, the same general result 
vaporization ; but the amount 
in the different cases, 
c pressure is, therefore, favor- 
ire the pressure of the air en- 
1 many liquids which would as- 
1 permanently aerial form. Let a. Fig. 26, be a 
glass bottle, into the neck of which a funnel, p,' ^ 
b b, is ground air-tight ; the bottle is tc 
611ed with quicksilver, except a small space 
at its upper part, which is occupied by sul- 
phuric ether. If this instrument bo placed I 
beneath the receiver of an air pump, as soon j 
as exhaustion is made, the mercury will be j 
seen rising into the funnel, and its place tak- 
en by the transparent vapor of ether. As I 
long as the reduction of pressure continues, I 
the ether keeps the gaseous form, but on re- <| 
admitting the air, it returns to the liquid 
state. By increase of pressure, as well as by diminution 
of temperature, vapors may be reduced to the liquid con- 
Though the law that vapors occupy more space than 
the liquids from which they come is of universal applica- 
tion, the increase of volume is by no means the same in 
all cases. Under ordinary circumstances of pressure, a 
cubic inch of water at its boiling point produces neaily a 
cubic foot of steam, or 1696 cubic inches, more accurate- 
ly. The same quantity of alcohol produces 519 cubic 
inches, and of oil of turpentine 192 cubic inches. 

The elastic force exerted by vapors under certain lim- 
its can be measured by the apparatus given in Fig. 25. 
The theory of the proi5ees is very simple. The height at 
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lamp, the mercurial column is at once depressed, mom^ 
that the clastic force of the vapor is increasing. As son 
as the tube is warmed to the boiline point of the etbs; 
the column of mercury is depressed exactly to the Icnl 
on the outside of the tube. At this point, therefore, it bal- 
ances, or is equal to the pressure of the air. 

Now let the tube be de])ressed in the jar; it will te 
seen with what facility the vapor reassumes the Kqoii 
condition. As the tube descends, the vapor condeueit 
and the mercury keeps constantly at the same level. 

Under these circumstances, it follows that the vapff 
is at its maximum density. We can not increase m 
density by bringing pressure to bear upon it by depre* 
ing the tube, for the moment the attempt is made tbe 
vapor liquefies. 



LECTURE XI. 

Ebullition. — Theory of Boiling, — J» 'PapirCs Dige^ 

Waterncvcr Boils, — Instantaneous CcmdensationqfV^ 

pors, — Effect of Variations of "Pressure.— Effect of ]^ 

ture of the Vessel, — Boiling on Mountains, — JEffect ^ 

Red-hot Surfaces, 

By introducing different liquids into a tube, arrangri 
as that represented in Fig. 29, we can prove that the ob- 
servation holds good in every case, that, as soon as tA 
boiling point of a liquid is reached, the elastic form of die 
vapor rising from it is equal to the pressure of the air. 

We have said that at a temperature of 80^ the vapor of 
water will depress the mercurial column of a barometer 
about one inch, but if the temperature be raised to 212^, 
the mercury is at once depressed to the level in the cistern; 
at that temperature, therefore, the elastic force of tin 
vapor is equal to the pressure of the air. 

Upon these principles, the phenomena of boilino* « 
ebullition are easily explained. When the temperatiirt 
of a liquid is raised sufficiently high, vapor is rapidly gen 

At the boiling point of a liquid, what is the elastic force of its v^po 
equal to ? What is meant by tlio maximum (iensity of a vapor ? Hon 
can it be shown that va])or8 tlras in a Torricellian void are at the mud 
mmn denf ity 7 At the boiling point of water, what is the elastic fijcce ol 
Us steam ? Explain tho phenomena of boiling. 
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srated from those portions of the mass which are hottest, 
uid the violent motion characterized hy the term'' boiling" 
8 the result. This is due to the fact that the elastic force 
>f the generated vapor at that point is equal to the at- 
tnospheric pressure, and the vapor bubbles expanding, 
can maintain themselves in the liquid without being crush- 
ed in ; tliey rise to the surface, and there burst. But, 
just before ebullition takes place, a singing sound is often 
heard, due to the partial formation of bubbles, which, so 
long as they are in the neighborhood of the hottest part, 
have elasticity enough to maintain their form; but the 
moment they attempt to rise through the cooler portion of 
the liquid just above, their elasticity is diminished by 
their decline of temperature, and the atmospheric pressure 
crushing them in, they resume the liquid condition ; for 
a few moments, therefore, while the vapor has not gath- 
ered elastic force enough to maintain its condition per- 
fectly, these bubbles are transiently formed and disappear, 
and the liquid is thrown into a vibratory movement which 
gives rise to the singing sound. 

Water, when heated in a vessel from which the steam 
can not escape, never boils. This takes place in the inte- 
rior of Papin*s digester, which is a strong metallic vessel, 
in which water is enclosed, and the orifice through which 
it was introduced fastened up. As the steam can not es- 
cape, the water can not boil, no matter what the tempera- 
ture may be. But the vapor which accumulates in the in- 
terior of the vessel exerts an enormous pressure. It is 
under the same conditions as were considered in the case 
of the candle bombs. Papin's digresr- 
er is used to effect the solution of bod- 
ies by water which are not acted on 
readily by that liquid at its common 
boiling point. 

As a vapor, i*isiiig from a vaporizing 
liquid, will bear no increase of press- 
ure, so neither will it bear any reduc- 
tion of temperature without instanta- 
neously condensing. This may be 
strikingly shown by an arrangement 

'Wliat is the cause of the singing sound ? Why does water heated in 
a dose vessel never boil? Describe Papin's digester. "What is its usef 
Can the steam of boiling water be cooled withoot oondensatioa X 
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such as is represented in jFTr- 30. Into the mouth of a 
flask, a, let there be fitted a tube, b, half an inch in diam- 
eter, and bent, as show-n in the fi^re. Having introduced 
a little water into the flask, cause it to boil rapidly bjthe 
application of a spirit lamp : the steam which forms sooo 
drives out the atmospheric air from the flask and the 
tube, and when this is entirely complet€^, and the vapor 
issuing abundantly from the mouth of the tube, plunge 
the end of the tube beneath some cold water contained in 
the jar, r, and take away the lamp. As soon as this is 
done, the cold water, condensing the steam in the tube, 
rises to occupy its place ; and presently passing over the 
bend, introduces itself with surprising violence into the 
interior of the flask, Hllinsr it entirely full, or, which more 
commonly takes place, breaking it to pieces with the force 
of the shock. The low-pressure steam-ensrine depends on 
this fact of the rapid condensibility of \*apor, the high- 
pressure engine on its elastic force. 

Fig.31. The principle involved in the action of 

the low-pressure engine, and more espe- 
cially that form of it which was the inven- 
tion of Newcomen, is well illustrated by 
the instrument represented in Pfg. 31. It 
consists of a glass tube, blown into a bulh 
at its lower extremitv. In the bulb some 

m 

water is placed, and a piston slides, with- 
out leakage, in the tube. On holding the 
bulb in the flame of a spirit lamp, steam is 
generated, and the piston forced upward. 
On dipping it into a basin of cold water, 
the steam condenses and the piston is de- 
pressed ; and this action may be repeated 
at pleasure. 

As the pressure of the atmosphere determines the boil- 
ing point of a liquid, and as that pressure is variable, the 
boiling point is not a fixed, but a variable point. There 
are many experiments which might be introduced as proo6 
of this fact. If a glass of warm water be placed beneath 
the receiver of an air pump, as in Fig. 32, when the 




Give an example of the rapidity of its coDdonsation. On what piapm- 
ty of vapor does the low-preiiare iteam-eDgine depend T On whst, ri4 
hicb-preiaiire T How may it be pnrred that the bouing poiiit dapeab €■ 
die preasonf 
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^rarefaction has reached a certain point, ebul- 
lition sets in, and the water coDtiDuee to boil 
Kt a lower temperature as the exhaustion is 
more perfect. In 8 vacuum, water can be 
made to boil at 67*'. 

On this principle, that the boiling point de- 
pends on the existing pressure, we give an ' 
explanation of a cutioua experiment, in 
vrhicb ebullition is apparently brought about 
by the application of cold : Take a Flor- 
ence flask, a. Fig. 33, and, having filled 
it half full of water, cause the water to 
boil violently, so as to expel all the atmos- 
-pberic air; introduce a cork which will fit 
the mouth of the flask air-tight, a n 
ment after it is moved from the lamp, and before any 
atmospheric air has been introduced. If the flask be 
now dipped into a jar, b, of cold water, its water be- 
gins to boil, and will continue to do so until its tempera* 
ture ia reduced quite low. The cause of this phenomenon 
is due to the fact, that the cold water condenses the steam 
in the flask , and a partial vacuum is the result. In this 

ftartial vacuum the water boils, as in the experiment il- 
uBtrated by Fig. 32; and the steam, as fast as it is gen- 
erated, is condensed by the cold sides of the flask. 

Besides this variation of the boiling point under varia- 
lion of pressure, the nature of the vessel in which the pro- 
cess is carried forward exerts a certain action ; thns, in a 
polished glass vessel the boiling point is 214°, hut in a 
rough metal vessel it ia 212'^. 

Some travellers report, that in certain mountainous re- 
^ons meat can not be cooked by the ordinary process of 
boiling. As we ascend to elevated regions in the air, the 
atmospheric pressure becomes less, because the column 
of air above is shorter, and therefore there ia less air to 
press. Under such circumstances, the boiling point of 
water of course descends, and may possibly become so 
low as to be unable to bring about the specific change re- 
quired in the cooking of meat. An .ascent through 530 



At what temperatnra wiU water boil in t«ciio J Kiplain the P™«J 
In which warn water may be made to bcdl by the application of colaT 
PowdoMtbeiutiue of ^eTeuelafiect thelwUine poiDtl Wby la it 
pmbibla that meat can not be cooked on " ' ' ' ' 
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feot lowers the boiling point one de)B^ree. Upon thupi* 
ciplc we can determine the altitude of accessible elen- 
lions, by determining the therm cm etric point at wbici 
water boils upon them. A peculiar thermometer, caSfi 
the hypsomcter, has been invented for this purpose. 

When a drop of water is placed on a red-hot polube^ 
surface of platinum, it does not, as might be expectei 
commence to boil rapidly, but remains perfectly quiescest, 
gathering itself up into a globule. If the platinum be 
now allowed to cool, as soon as its temperature hasreadi' 
ed a point at which it ceases to be visibly hot, the diop 
of water is suddenly dissipated in a burst of stem- 
The explanation given of this phenomenon is, that at ^ 
high temperature the drop is not fairly in contact with tin 
red-hot surface, but a stratum of steam intervenes; th* 
l>cing a bad conductor, prevents ebullition from occunin^ 
but as soon as the temperature declines, and this steii 
no longer props up the drop, an explosive ebullition f» 
sues, because of the contact which has taken place. 



LECTURE XII. 

Vaporization. — The Boiling Point rises with the Pre» 
ure, — Relation between sensible and insensible HeaJL" 
The CryopJiorus, — Leslie^s Process Jhr freezing WaUr, 
— Variability of Moisture in the Air, — HygromeUrSf^ 
Method of the Dew Point, 

Under an increase of pressure, the boiling point riseSi 
and the elastic force of the steam evolved becomes corre- 
spondingly greater. As we have seen, the elastic force of 
steam from water boiling at 212^ is equal to the press- 
ure of one atmosphere ; but if the pressure be doubledi 
the boiling point rises to 250^ ; if quadrupled, to 294°; 
and under a pressure of fifty atmospheres, it is more thaa 
500O. 



How high must we ascend to bring the boiling point to 8I1<3 ? How 
may the altitude of mountains be determined by the thermometer t 
What are the phenomena exhibited by water in contact with red-b0t 
platinum? What is the supposed explanation? How ip tlie boiUng 
point a0ected by an increasea pressure 7 
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These results may be established by the ^- **• 
aid of the boiler, represented in Fig. 34, 
a. It is a globular vessel pf brass, and is 
about three inches in diameter. In its up- 
per part are three perforations, into one of 
which the stop-cock, &, is screwed ; through 
the second a tube, c, is inserted , deep enough 
toreach nearly to the bottom of the boiler ; 
and through the third a thermometer, d, is 
introduced. Some quicksilver is poured 
niy suflBcient to cover the end of the tube, 
^, half an inch or more deep, and upon it 
•water is poured, the bulb of the thermometer being im- 
mersed in it. The stop-cock, 5, being open, a spirit lamp 
is applied to bring the water to its boiling point, and as 
the steam can freely pass out, this of course takes place 
at 212^. On closing the stop-cock, the steam can no lon- 
jrer escape, but exerting its elastic force on the surface of 
the boiling liquid, presses the mercury up in the tube, c. 
The altitude of the mercurial column measures the amount 
of this pressure, and the thermometer indicates the corre- 
sponding change in the boiling point : as soon as the press- 
ure is equal to two atmospheres, the thermometer will 
be found to have risen to 250°. 

' It is immaterial at what temperature vaporization is 
carried on, a very large amount of heat must always be 
rendered latent ; and, in point of fact, vapors generated at 
a low temperature contain more latent heat than those 
generated at a high one. The relation which exists in 
the amoimt of heat rendered latent at different tempera- 
tures is very simple. The sum of the insensible and 
sensible heat is always the same ; thus, water boiling at 
212° absorbs 1000° of latent heat, the sum of the two 
quantities being of courae 1212° j but vapor rising from 
water at 32° contains of latent heat 1180° ; here, again, 
the sum of the two quantities is 1212° ; and the same ob- 
servation holds for intermediate temperatures. 

- When vapors return to the liquid condition, the heat 
which has been latent in them reassumes the sensible 



Pescrib^ tiie boiler, Fig. 34, and its nse. Do vapo rs generated at low 
fw big^ temperatures contain most latent beat ? Vvhat relation is there 
between tbe insensible and sensible heats of vapors at different temper^* 
tarei t When a vapor condenses, what becomei of its latent heat ? 

E 
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form. They may thus be regarded as containing a great 
store of caloric, of the effects of which many natural phe- 
nomena furnish us with striking examples. Thus, there 
is a remarkable difference between the climate of the 
eastern coast of America and the opposite £uTopean 
coasts in the same latitude, and this arises from the action 
of the Gulf Stream, a great stream of warm water, which, 
issuing from the Gulf of Mexico, and passing the Atlantic 
States, stretches across toward the European Continent 
The vapors which arise from it give forth their latent heat 
to the air, and the southwest winds, which are therefixe 
damp and warm, moderate the climates of those coun- 
tries. 

The cryophorus, or frost bearer, an instrument invent- 
Fiz. 15. ®" ^y ^^* Wollaston, in which water may be 
. frozen by the cold produced by its own evapo- 
W ration, depends for its action on the laws re- 
lating to latent heat. It is represented in Fig. 
35, and consists of a bent tube, c, half an indi 
or more in diameter, with a bulb, a and &, at 
each of its extremities ; the upper bulb, 6, is 
filled one third with water, and the rest of 
the space, with the tube, c, and the other bnlb) 
a, is free from atmospheric air, and occupied by 
the vapor of water only. If, now, the bulb a be 
immersed in a freezing mixture of nitric acid and anew, 
although the tube, c, may be of considerable length, the 
water in the distant bulb, b, presently freezes ; hence the 
name of the instrument, frost bearer, because cold applied 
at one point produces a freezing effect at another, which 
is at a considerable distance. The action of the instrument 
is simple : in the cold bulb, a, which is in contact with 
the freezing mixture, the vapor is condensed ; fresh quan- 
tities rise with rapidity from the water in the other bulb, 
to be in their turn condensed ; a continual condensation, 
therefore, goes on in a, and a continual evaporation in h^ 
but the vapor thus formed in h must have caloric of elas- 
ticity ; it obtains it fix>m the water from which it is rising, 
the temperature of which therefore descends until solidi- 
fication takes place. 




What effect has the Golf Stream on the climate of Europe 7 Explain 
the came of it. Describe the ciyophoras. What ia the reaaon that oold 
applied to oqe holb freexef water m the other 7 
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Leslie's process for freezing water in vacuo by its own 
evaporation is an example of the same kind. If some 
water in a watch-glass is placed in an exhausted receiver, 
with a large surface of sulphuric acid, as fast as vapor 
rises it is condensed by the acid; a rapid j;^. 30. 

evaporation of the water therefore takes 
place, the temperature falls, and congela- 
tion finally ensues. In Fig» 36 this ap- 
paratus is represented : a is the watch- 
glass containmg water, b a wide dish 
filled with sulphuric acid, and c a low bell jar in which 
the exhaustion is made. 

A drop of prussic acid held in the air on the tip of a rod 
solidifies, the portion that evaporates obtaining its latent 
heat from the portion left behind, and on the same prin- 
ciple liquid carbonic acid can also be solidified. 

The amount of watery vapor contained in the air ia 
very variable. Many common facts prove this : the swell- 
ing of wooden furniture takes place in consequence of 
damp weather ; and the opposite effect, or its shrinking, 
occurs during dry. Several instruments have been invent- 
ed to determine what the amount is at any time ; they 
are called hygrometers. In one of these, the relative damp- 
ness or dryness of the atmosphere is determined by the 
stretching or contracting of a hair, which is very sensitive 
to such changes. A general idea of such an instrument 
may be obtained by considering the metallic bar of the 
pyrometer. Fig, 15, to be replaced by a hair, the move- 
ments of which would of course be communicated to the 
index ; in another a slip of whalebone is used instead of 
the hair. There is a simple and ingenious instrument, 
the movements of which depend on these principles ; it is 
represented in Fig. 37 : a thin slip ^^g^ 37, 

of pine wood, a a, cut across the a a, 

grain, a foot long and an inch wide, ^^HHHHHHp^ 
has inserted into its comers four 
needles, all pointing in one direction backwai'd ; if this 
instrument be set upon a floor or flat table, in the course 
of time it will crawl a considerable distance. During dry 



Describe Leslie's process for freezings water in vacuo ? WTiy does a 
drop of prussic acid held in the air solidify t How can it be proved that 
the amount of moisture in the air is variable ? What is the hygrometer ? 
Describe the hair hygrometer. Describe the instromMit, Fig- 37. 
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weather the thin board contracts, and the two fore legs 
taking hold of the table, the hind ones are drawn up a 
little space ; when the weather turns damp, the board ex- 
pands, and now the hind legs pressing against the table, 
cause the fore ones to advance. Every change from dij 
to damp, or the reverse, produces a walking motion in a 
continuous direction, and the distance passed over ib a 
register of the sum total of these changes. 

But of all these hygrometric methods, the process 
known as " the determination of the dew point" is by far 
the most philosophicaL This method consists in cooling 
.the air until it begins to deposit moisture. When there is 
much moisture in the air, it obviously requires but a sli^yfat 
diniinution of temperature to cause a portion of the vap« 
to deposit as a dew ; but when the air is dryer, the cool- 
ing must be carried to a greater extent. The precise 
thermometric point at which the moisture begins to de- 
posit is called the dew point. 

Thus, if we take a thin metallic vessel containing water, 
and cool it gradually by the addition of a mixture of 
nitrate of potash and sal ammoniac, or any of the cooling 
mixtures, continually stirring with the bulb of a small 
thermometer, as soon as the temperature has reached a 

Fig. 38. certain point a dew is 

deposited on the outside 
of the metallic vessel; 
that temperature is the 
dew point for the time 
being. Knowing the tem- 
perature of the air, the 
dew point, and the baro- 
metric pressure, the abso- 
lute amount of vapor can 
be determined by a sim- 
ple calculation. 

Danieirs hygrometer 
affords a ready and beau- 
tiful method of determin- 
ing the dew point. It 
consists of a cryophorus, 
a c b. Fig, 38, the bulb 




What is meant by the " dew point 1" "What is the process for ascei^ 
taining it ? Describe Daniell 's hygrometer and (he mode of using it. 
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i being made of black glass, and a covered over vridi 
muslin. The bulb b contains ether instead of water, and 
into it there dips. a very delicate thermometer, d. Usually, 
another thermometer is affixed to the stand of the instru- 
ment. When a little ether is poured on a, by its evapo- 
ration it cools that bulb, and ether distils over from b, 
which, of course, also becomes cold. After a time, tbe 
temperature of S sinks to the dew point, and that bulb 
becomes covered with a miaL The thermometer, d, then 
shows at what temperature this takes place, and of course 
gives the dew point. 



LECTURE XIII. 

Evaporation and Interstitial Radiation. — Muthodt 
of Gay-'LuMoe and Dumas Jbr aicertaining the Specific 
Gravity of Vapors. — Pkenomena of Eoaporation. — 
Control of Temperature. — Effect t>f Dryneai, StiUnet», 
Pressure, and Surface. — Eeaporation a Cooliiig Pro- 
cess. — Conduction of Solids. — Differaice among different 
Uletals, — Rurnford'a Experiments, 

Tub Hpecific gravity of vapors may be de- Fig. 3S. 
termincd in several ways. The following is ""**' 
tbe method of Gay-Lussac ; A graduated jar, 
a, is inverted in a basin of mercury, c, which 
rests upon a small furnace. A glass bulb is to 
be filled quite full with tbe liquid under ex- 
amination, and the quantity introduced is accu- 
rately weighed. The bulb is now slipped into 
tbe jar, a, and rises to its top. A cyhnder, b, 
open at hoi ends, but the lower pressed down t 
into the mercury, is next placed round a, a ' 
tbe interval filled with clear oil. The furnace I 
is now lighted ; the oil and the mercury be- 
come warm ; the bulb at last bursts, and, as its 

vapor depresses the mercury in die graduated jat, , — 

ame may be determined. Thus, knowing the weight of 
tibe liquid, the volume of its vapor, and the temperature 

Deacriba Q^-Ldhw:'! method of deCenuiiiing the specific gnvit; of ■ 
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of tho oil, we can eaaily calculate the voluine t 
from that deduce the specific gravity. 
The method of Dumas coniista in weighing a { 




Tspor to ba 
tried. A por- 
tion of the inl^ 
■Cance ia to ba 
introduced in- 
to the globe, 
,. the wei^ of 
which is ^Ttt 
determiDod, 
and this ia then 
held, aa shown 
in the fig-ure, in 
a bath of fii»- 
ble metal pla- 
ced over a small furnace. The heat of the melted metal 
vaporizes the substance, drives out tho air, and oceupiea 
tho whole cavity in a state of purity. When no more 
vapor escapes from tho end of the tube it is sealed by the 
blow-pipe, and the temperature of the bath aacertained. 
The globe is now to be carefully weighed, when cold, a 
tecottd lime, and tho point of the tube is then broken un- 
der quicksilver, wliicb rises and fills it completely, and 
this being subsequently emptied into a graduated jar, the 
volume of the globe is ascertained. Knowing Uie vol- 
ume of the globe, we know the weight of the air it con- 
tains, and this, subtracted from the first weight, is the 
weight of the glass when empty. Subtracting this again 
from the second weighing, gives us tho weight of the va- 
por, and as the air and the vapor occupied tno same vol- 
ume, their densities are as their weights. But, as their 
temperature was different, a farther calculalJon is required 
to Ining them to the same standard. 

There are several conditions which exert a control 
over the rapidity of evaporation. The amount of vapor 
which can exist in a given space depends entirely on the 
temperature. Thus flie air included in a glass jar which 
is standing over water contains, at 33°, a certain quantity 

it tbU rejalitei the qomtttjr 
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of vapor ; but if the temperature rises to 60^, it contains 
more, and still more if it rises to 90^. Should the tem- 
perature descend, a part of the vapor is deposited as a 
mist. The quantity that remains in suspension is determ- 
ined by the temperature alone. 

It is the apphcation of this principle which constitutes 
the most beautiful part of Watts's great invention, tho 
low-pressufe steam-engine. Taking advantage of the 
fact that the quantity of vapor which can exist in a given 
space is determined by the lowness of temperature of any 
portion of it, he arranged a vessel, maintained uniformly 
at a low temperature, in connection with the cylinder of 
the engine, and thus reached the apparently paradoxical 
result of condensing the steam without cooling the cyl- 
inder. 

Among other causes exerting a control over evapora- 
tion in the air is the dry or damp state of that medium. 
As is well known, evaporation goes on with rapidity when 
the weather is dry, and is greatly retarded when the 
weather is damp. So, too, a movement or current exerts 
a great effect. When the wind is blowing, water will 
evaporate much more quickly than when the air is quite 
calm ; this obviously depends on a constant renewal of 
surfaces, so that as fast as one portion of air becomes 
moist it is removed, and a dryer portion takes its place. 
Extent of surface operates in the same way ; the same 
quantity of water will evaporate much more rapidly if 
exposed in a plate than if exposed in a cup. Pressure 
also exerts a great control ; for, as we have seen, evap- 
oration takes place instantaneously in a vacuum. 

While, therefore, there are several circumstances which 
can control the rate of evaporation, it is temperature alone 
which regulates the absolute and final amount. As we 
have just seen, a fixed quantity of vapor can exist in a 
certain space at a given temperature ; and it matters not 
whether that space is full of atmospheric air or is a vacu- 
um, the absolute quantity will be precisely the same. 

At one time it was supposed that evaporation was due 
to a solvent power in the air — a kind of attraction be- 
tween that medium and the water with which it is in con- 

On what principle does the steam-engine condenser depend? What 
effect have dryness or dampness over evaporation f Wliat is the effect 
of a current f What of extent of soiface f What of pressure 7 What 
of temperature 7 
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tact ; but it is clear that such an opinion is \rholly untena 
ble, for the process goes forward with the greatest rapid- 
ity in a vacuum, when the air is totally removed. 

Although the evaporation of liquids, such as water, will 
take place at very low temperatures, there is reason to be- 
lieve that the process has a limit; thus, a minute quantity . 
of vapor will rise from quicksilver at a temperature of 
60°, but at 40^ not a trace can be discovered! 

All processes of evaporation are cooling processes, be- 
cause the vapor developed requires latent beat to give it 
the elastic form. For this reason, when any vaporizable 
liquid, as ether, is poured on the bulb of an air diermom- 
eter, or on the hand, cold is produced. 

Fig. 41. The pulse glass is an instru- 

ment which may serve as an 
illustration : it consists of a 
glass tube, bent tvirice at right 
angles, and terminated bj 
bulbs, as in Fig. 41. It is partially filled vnth spirit of 
wine, the rest being occupied by the vapor of that sub- 
stance. On gi-asping one of the bulbs in the hand, the 
warmth is sufficient to boil the liquid ; and as it distills 
over into the other bulb, an impression of cold is felt. 

We now come to the consideration of the mode by 
which heat is transmitted through bodies, or interstitial 
radiation, called by many writers conduction ; a term in- 
volving the idea that the particles of bodies are in actual 
contact, whereas it has been abundantly proved that they 
are separated from each other by interstices. The pass- 
age of the heat across these spaces is what is meant by in- 
terstitial radiation. From the currency which it has ob- 
tained, and the convenience of the expression, I Shall con- 
tinue to use the word conduction. 

Different solids conduct heat with different degrees of 
facility. If we take a cylindrical mass of metal, and hold 
tightly against its surface a piece of white writing paper, 
the paper may be placed in the flame of a spirit lamp for 
a considerable time without scorching ; but if we take a 
cylindrical piece of wood of the same dimensions, and. 

Does evaporation arise from a solvent power in the air ? Is there any 
limit to evaporation? Why are processes of evaporation cooling- pro- 
cesses ? Describe the poise glass. What is interstitial radiation 7 'What 
is conduction? How may it be proved that wood and metals cozuiaiCt 
with different degrees of facility ? 
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wrapping the paper round it, expose it to the flamo, it 
rapidly scorches. The metal, therefore, keeps the paper 
cool by carrying off its heat, but the wood, being a bad 
conductor, suflDers the paper to bum. 

By the aid of the apparatus of Ingenhouse, Fig, 42, the 
same fact may be proved in a more gen- ^^ ^ 

eral way. It consists of a trough of brass, 
six inches or more long, three wide, and 
three deep ; from the front of it project 
cylinders of metallic and other substances 
of the same length and character ; they 
may be of silver, copper, brass, iron, porcelain, wood, &c., 
in succession; the surface of each cylinder is smeared 
with bees' wax. On pouring boiling water into the trough, 
the heat passes along these cylinders with a rapidity cor- 
responding to their conducting power, and the wax cor- 
respondingly melts. On the silver bar the wax melts 
most rapidly, and on the wood most slowly : on the others 
inteiTuediately ; thus affording a clear proof that different 
solids conduct heat with different degrees of facility. 

Even among metallic substances, gi*eat differences in 
this respect exist, as may be strikingly 
shown by the instrument. Fig. 43. Into 
a solid ball of copper, a, three wires of 
equal length and equal diameter are 
screwed — they may be copper, brass, and 
iron, respectively : they are flattened at 
their farther extremities, b,c^d, so as to af- 
ford a place on which pieces of phospho- (^^\ 
rus may be put. A lighted spirit lamp is — 
now set beneath the central ball, the temperature of which 
soon rises', and the heat passes with different degrees of 
speed along the metals; very soon the piece of phosphorus 
at the end of the copper takes fire ; then, some time afler, 
follows that on the brass ; and last, that on the iron ; en- 
abling us to prove to persons at a distance the fact that 
these different metals conduct heat with different degrees 
of facility. 

If a piece of wire gauze be held over the flame of a candle 
or gas jet, Fig, 44, the flame fails to p^ss through ; but the 

Describe the apparattui of Ingeohouse ? What does it prove ? Axe 
there differences in the condacting powers of metals ? How may that be 
prored? 
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gaaze^t^jT it nsj be sec oq Jire, as shownin 
die fic<zr<?> Flame i» gaseous matter, or 
aotLd caatter is a state of excessiTe sab- 
diTuiiaQ, tempocariiy so^iended in gas, 
brosffat to a irerj high temperature. It 
caa DOC, tfaereicre, pass thioagh a piece of 
wire gaoze, became the metallic threads, 
exeftmg a high condiKtiii^ power, ab- 
stract its heat finom die incandeaoent gas, 
aod bring its temperature down to a point at wiuch it ceas- 
es to be laminons. The safetr-lamp of DaTy is an appli- 
cation of this principle; bj it corabostion is prerent- 
Fi^ 45. ^ from spreading throogh masses of explo- 
sive gas, by calling into acticm the conduct- 
ing power of a metallic gauze, ^th which tfao 
lamp flame is surrounded, as in Fig', 4d. The 
safety-tube of Hemmings, used to prerent ex- 
plosions in the oxjhydrogen blow-pipe, acts oa 
tbe same principle. 

Count Rumford made several experiments to 
determine the conducting power d those Tari- 
ous materials which are used for the purpose of 
clothing. He placed the bulb of a thermometer 
in the center of a spherical glass globe of lar- 
ger diameter, and filled the interspace with the 
f^ubfitances to be tried. Haying immersed the 
apparatus in boiling water undl it was at 212P, 
hn transferred it to melting snow, and ascertain* 
996 how 1/>ng it took to fall a given number of degrees. 
Lirioti and cotton were found to be better conductors 
thuTi woi}] and the various furs, and hence the reason that 
thoy nrn preferred as articles of summer clothing ; but 
ho «l»fi ffHirid that much depended on the tightness 
with wliifh thij ffiilmtancofl were packed, for the conduct- 
ing pownr n|»pnn!nt1y rose when they were closely com- 
prp«f»nil. Tim wo bodi(5S act, therefore, as will hereafter 




0«»i ^ht* flflm" tff n vntvWn paNN tliitmqh a piece of wire gauze ? What 
\n tlfp l-»'«»"»»i "1 t'li* ^ Wlmt iff the coiuitruction and principle of Davy's 
MTPiy hm\i1 Hii wliNfc nidUuMl did Romford proceed to detennine &e 
mtttVwihm (N'Wf>r fif vMtUi^l What was the effect of compreasionf 
Urm ntn ihcil«i rnstiltN rrmnoctad with the noncondacting: power of air 7 
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be more distinctly jseen, not so much bj their own badlj- 
eonducting power, as by calling into action the non-con- 
ducting quality of atmospheric air. 




LECTURE XIV. 

Conduction. — Conduction of Liquids. — Trajisference of 
Iteat hy Circtdation. — Conduction of Gases. — Conduct' 
ing Power of Clothing, 

The conducting power of most liquids, such FHg. 46. 
as water, is very low ; a thin stratum is sufficient 
almost entirely to cut off the passage of heat. 
This may be shown by an apparatus such as Fig, 
46, consisting of a jar, Hr nearly filled with water, 
vnth an air thermometer included in such a man- 
ner that the bulb, ft, is within a short distance of 
the surface, a depth of a quarter of an inch or 
less intervening. The tube of the thermometer 
may be passed through the lower mouth of the 
jar, c, water-tight by means of a cork, and the position 
at which the index-liquid stands having been marked, 
some ether is poured on the surface of the water, upon 
which it readily floats, and then set on fire. A very volu- 
minous flame is the result, and a great deal of heat is 
evolved ; and, since the bulb of the thermometer is appa- 
rently separated from the burning ether by a thin film of 
water only, if the heat traversed that film the thermome- 
ter should rapidly move ; but the experiment proves it 
does not ; and we therefore conclude - that water is a 
very bad conductor of caloric. 

While this conclusion is true, a little consideration will 
show that this experiment presents the facts in a very de- 
ceptive way ; and though, from its imposing character, it 
is generally relied on as a complete proof, yet were wa- 
ter a much better conductor than what it actually is, the 
same results would be obtained. All flames, as we shall 
hereafter see, are hollow ; they are merely incandescent 
on the surface. A great distance, in reality, intervenes be- 
How does the oonducti]^ power of liquids compare with that of sqImU? 
How may water be proved to be a bad ooodactor 7 What deceptive df* 
oomstanccis arc there in this experiment ? 
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tween the thermomc^ter bulb and the points of high teni' 
perature, and in addition, the ether is rapidly evaporating 
away to feed the flame, and all evapoi*ations are cooling 
processes. 

To a certain extent, all liquids conduct heat : thus, mer- 
cury is a very good conductor ; but in those liquids of 
v^rhich water is the type the dissemination of heat is chief- 
ly determined by the mobility of their particles, a process 
which passes under the name of convection or circulation. 
Fig. 47. The apparatus, Fig, 47, illustrates the na- 

ture of this process; it consists of a wide 
^ tube into which water may be poured ; tbe 
lower portion, as high as a, being colored 
blue by the addition of some coloring sub- 
stance, the intermediate portion, from a to 4, 
being colorless, and the upper portion, from 
b to c, being tinged yellow. Now, by the 
application of a red-hot iron ring, €^, of such 
a a diameter that it can surround the jar, a 

space of an inch or more intervening" all 
round, the upper, yellow portion may be. 
made even to boil : it shows no disposition 
to intermix with the portions beneath. But if the red- 
hot ring is lowered down so as to surround the blue po^ 
tion, as it becomes warm it will be found to ascend, &8t 
through the colorless stratum, and finally through that 
tinged yellow, on the top. When the lower portion of a 
liquid is warmed, currents are established, which, rising 
through the strata above, bring about a rapid dissemina- 
tion of the heat. 
Fig. 48. This may also be shown by taking a jar. Fig. 

48, a, and filling it with water, rendered a 
little more dense by some sulphate of soda, so 
as to bring its specific gravity near that of some 
pieces of amber thrown into it. If a lamp now 
be applied to the bottom of the jar, curi-enta 
are established in the water, rising up the cen- 
ter and descending down the sides of the li- 
quid ; and in this manner, new portions con- 
stantly presenting themselves on the suiface 

Do liqmds conduct heat at all ? What are the relations of menmry in 
this respect ? By what process does the dissemination of heat in a, liquid 
tijce place 1 Describe the experiment represented in Fig. 47. Describe 
that represented by Fig. 48. 
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exposed to the flame, the whole mass becomes miiformly 
hot. 

The cause of this moyement is due to the fact that 
when water is heated it expands. Those portions, there- 
fore, which rest on the bottom of the vessel, and to which 
the heat is applied, as soon as they become warm, dilate, 
and, being lighter than before, rise to the top of the liquid, 
while colder, and therefore heavier ones, occupy their 
place. 

If we take a jar of water. Fig. 49, and hav- Fig. 4«. 
ing introduced through apertures near the top 
and the bottom the thermometers a &, and into 
a brass trough, c, which surrounds the middle 
of the jar water-tight, pour boiling water, after 
a little time has elapsed we shall And that the 
upper thermometer has risen, but the lower 
one remains perfectly stationary. The cause 
is, that through all those portions which are above the place 
at which the heat is applied, that is, the middle of the ves- 
sel, currents are made to circulate, but in all those be- 
neath no currents are established. 

When, therefore, heat is applied to the surface of wa- 
ter, it is not propagated downward ; when it is applied to 
the middle of a vessel containing that liquid, all the por- 
tions above become hot, but all those below remain cold ; 
and whefi it is applied to the bottom of the vessel, the 
whole mass soon becomes uniformly warm. 

In the vegetable world, advantage is taken of the non- 
conducting power of water in a very beautiful way. Soon 
after sunset, the leaves and other delicate parts of plants 
become covered with little drops of dew, which mvest 
them on all sides. Under these circumstances the pro- 
cess of convection, or the establishment of currents, is en- 
tirely cut off, for each of the drops is isolated, or has no 
communication with those around. The cold air does not 
so suddenly affect these delicate organs as it would do 
were not this thin non-conducting film spread over them ; 
their action is, therefore, less liable to be deranged. 

Recent accurate experiments show that all liquids con- 

What.is the tme cause of these circulatoiy mov^nents ? How can it be 
proved that- the warm water floats on the surface of that which is cold 7 
What is the effect of applying heat to the top, to the middle, and to the 
bottQm of a vessel containing water ? What advantage is taken in the 
vegetable world of the non*condnctingpower of water t 
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duct to a certain extent, though in naany instances to a fer 
less extent than what we see in the case of solid bodies. 
Among different liquids, difference in conducting power 
has also been discovered. 

If the cond ucling power of liquids is araall, that of gas- 
eons bodies is still less perceptible. In these, as iu li- 
quids, the mobility of the particles is so great that beat is 
Fig. M. readily diffused through them. Thus, if we 
take a jar. Fig. 50, containing oxygen gas, 
and place a piece of burning sulphur in it on 
a stand, a, the vapor which rises from the sul- 
phur moves in a current to the top of the jar, 
and then descends in beautiful wreaths of 
smoke down the sides, precisely representiDg 
, the circulatory movements of Uquids. 

The ventilation of buildings and mines, and 
the proper construction of furnaces and chimneys, depend 
npon these principles. 

By taking advantage of the non-conducting power of 
air, rooms may be kept warm with a small consumption 
of fiiel, by furnishing them with double windows. A 
stratum of tur, two or three inches thick, intervening 
between the windows effectually cuts off the paasage (U 
heal. It is upon the aame principle we explain Cooat 
Rumford's experiments in relation to the conducting 
power of clothing; he fonttd that when the same fibres 
are used, the apparent facility with which they transmit 
heat depends on the closeness with which they are pack- 
ed ; the non-conducting power of air is here evidently 
called into play, and the fibres act by preventing the 
production of currents. In the case of sheep, or other 
animals, which, during the winter season, are covered 
with a thick coat of wool, or fur, it is the non-coDductang 
power of the included air which is again brought into 
operation. 

Do all liqnidB condnct heat T Are there diSerencei in thsir cooiiaating 
power ? By wbit proceii ii heat dilfbied tbmogh niei f WbU is flu 
tueof doable window! f ^^bat comiectiOD hai toa nv-oondactiiiff pomr 
of air with Coimt B'UOifiird'B BxperimenCs f Iiv the eocQomy of ■- ^i^ ^i^ 
irtut tdvuitase ij taken ot tbete principlei I 
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LECTURE XV. 

Radiation. — Preliminary Ideas on Radiant Heat — Anal' 
ogies with Light. — Effect of Surfaces, — Relations be- 
tween Radiation and Re/lection, — The Florentine Ex- 
periment, — The Cold-^ay Experiment, — Opacity of 
Glass to Heat,^-~Its increasing Transparency as the 
Temperature rises, — Properties of Rock Salt, 

But, though gases are bad conductors of heat, they 
freely allow of its transmission by general radiation. A 
person who stands at one side of a fire receives the heat 
of it, although no currents of warm air can reach him. In 
a vacuum, a piece of red-hot metal rapidly cools. 

The heat which, under these circumstances, escapes 
fi-om bodies is entirely invisible to the eye ; it moves in 
straight lines, exhibiting many of the phenomena of the 
rays of light. Thus, if we interpose between a fire and a 
thermometer an opaque screen, the moment the rays of 
light are stopped die heat is simultaneously intercepted. 

The rays of heat, like the rays of light, are capable of 
being reflected by polished metallic surfaces. If a piece 
of planished tin be held before a fire in such a position as 
to reflect the light of it upon the face, the heat, also, is 
similarly reflected, and gives rise to a sensation of warmth. 

The analogy between light and heat is farther observed 
when rays of the latter fall upon bodies of a diflerent 
physical constitution from the metals. As glass is trans- 
parent to light, there are many bodies transparent to rays 
of heat, though, as we are presently to find, these bodies 
are not the same in both instances. And as there are 
substances, like lamp-black, which will absorb all the light 
which impinges on them, there are many which perfectly 
absorb heat : reflection, transmission, and absorption are 
therefore common to both these agents. 

If we take two metallic vessels of the same size and 
shape, and having blackened one of them all over with 

Do gases transmit radiant heat ? How may it be proved that radiant 
heat moves in straight lines ? Is it capable of reflection ? Are there any 
sabstances transparent to radiant heat 7 Are these the same bodies that 
are transparent to light ? 
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the smoke of a candle, fill them both with liot water, 
notice their rate of cooling, it will be seen that the black- 
ened one cools faster ; the same things may be observed, if, 
instead of blackening the vessel, it is covered with layers of 
varnish. These results may be proved by the aid of La- 
lie's canister, which consists of a cubical brass vessel, ^ 
Fig. 51. ^'ff» 51i set upon a verti- 

cal stem, upon which it 
can rotate ; at a little dis- 
tance is placed the black- 
ened bulb of a differential 
thermometer, rf/ a mirror. 
M, receives the rays of 
the canister and reflects 
them on the thermometer. 
One of the vertical sides of the cube is left with a clear 
metallic surface, a second washed over with one coat of 
varnish, the third with two, and the fourth with three 
coats ; if these sides be presented in succession to tbe 
thermometer, they will be found to radiate heat witli 
very different degrees of speed, more heat escaping from 
them as the number of coats is increased. In the exper- 
iments of Melloni, it was found that the maximum was 
not attained until sixteen coats were applied. 

These results can only be explaincKl on the principle 
that radiation does not take place from the surface of 
bodies merely, but from a certain depth in their interior. 
A highly-polished metal is a bad radiator, but on rougb- 
ening the surface, its quality is improved. As a general 
rule, good radiators are bad reflectors, and good reflectoiB 
are bad radiators. 

When rays of light, diverging from the focus of a con- 
cave parabolic mirror, impinge on the surface, they are re- 
flected in parallel lines ; when parallel rays fall on audi 
a surface, they are reflected to its focus. Thus, if from 
the point a, Fig, 52, the focus of a parabolic concave, c 
f, rays diverge, they will be reflected in parallel lines, c^, 



Of two sorfaces, one polished and tihe other hlackened, which radiatof 
heat best ? When successive layers of varnish are put on a surface, what 
is their effect ? When is the maximum reached ? What is the explana- 
tion of these results ? What is the general connection between radiatioB 
and reflection ? When rays diverge from tlie focus of a concave minor, 
what is their path after reflection ? When parallel rays fall on a concave 
mirror, what is their path after reflection ? 
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d h, e i^fky a^d if at these points they be intercepted by 
the mirror, g hy they will be reflected to its focus, b. 

Now, as the laws of reflection of radiant heat are the 
same as the laws of the reflection of light, it is plain that 
if we place any incandescent body, such as a red-hot 
cannon-ball, in the focus, a, the heat which radiates from 
it will finally be found at the other focus, h. 



Fig. 52. 




£V^ 




This is beautifully illustrated by an experiment known 
under the name X)f the experiment with conjugate mir- 
rors. In the focus, a, Fig, 52, of a parabolic mirror, cjl 
place a red-hot cannon-ball, and in the focus, bj of a 
second mirror, g kj set opposite, but twenty or thirty 
feet off, place a piece of phosphorus, a screen intervening 
between. As soon as the arrangements are completed, 
remove the screen, and in a moment the phosphorus takes 
fire. That this effect is due to the reflecting action of the 
mirrors, as has been described, may be proved by re- 
moving the mirror, c J] when it will be found that the 
phosphorus can not be lighted, even though the ball be 
brought within a very short distance of it. 

This striking experiment proves, first, that the rays of 
heat move in straight lines, like those of light ; and, sec* 
ond,,that in the same manner they are subject to the ordi- 
nary laws of reflection. 

A variation of the foregoing experiment may be made 

WTien a hot ball is placed in the focus of one of the mirrors, to what 
point does its heat converge t Describe the Florentine experiment rep- 
resented in Fig. 52. What two facts does this experiment prove T 

F2 



OPACITT or 6Uia« Ta bsat. 

bj usinsr a sn<n«*ball instead of the cannonHsbot, in wfaici 
ca.«e a thernntineter placed in tbe focus of tbe oppooti 
nsirror will exhibit a redaction of temperature, rroi 
thi? it was at one time supposed that there existed n^ 
of cold i)recii«1y analagous to rays of heat, and that dier 
observ'oa the same law as respects the rectilinear ntua 
of their muvoment, and were also subject to tbe lawofI^ 
fleet ii»n : but, as we shall see when ^-e come to speak (if 
the Theor\' of the Exchanges of Heat, a simple expfaor 
tion of the whole result can be ^ven, ^tbout implyiit 
tlie existence of a principle of cold analogous to the pris' 
ciplc of heat. 

Let it be now supposed that in the focus of tbe mino; 
g A', Fig. 52, the bulb of a delicate thermometer is placei 
and in the focus of the other mirror, cj\^ metalline nM 
a, the temperature of which we can vary at plea«n» 
Between the mirrors let there be interposed a screen J 
transparent plate glass ; and let us farther suppose tbtf 
the temperature of a is 212®, or considerably below tbe 
point at which it is visibly red hot. Under these circuo- 
stances the thermometer exhibits no rise of temperatoR 
so lonj^ as the glass intervenes, but the moment it is n- 
moved the heat passes. 

A piece of transparent glass is, therefore, opaque to 
the rays of heat which come from a non-luminous souitei 
Let us now suppose that the temperature of the metal' 
line mass, a, continually rises. When it has reached i 
red heat, a certain proportion of the rays emitted by t 
begins to pass through the glass, as is shown by their 
effect upon the thermometer. When the mass is visibly 
red hot m the daylight the rays go through the glass mon 
readily, and when it has become white hot, or has readied 
the highest temperature we can give it, the glass tran^ 
mits the rays with facility. 

These facts are of the utmost importance. They show 
that bodies transparent to light are not necessarily trans- 
parent to heat, and, therefore, that light and heat an 
separate and independent agents. They farther show, 
that, as respects glass, its transparency for heat difieis 

Wlicn a snowball is used instead of a hot shot, what is the recaltT 
What is the relation of glass to radiant heat of low intensity ? Whit 
chan§fci take place in the transmissive power of the glass as the tern* 
peniare rises ? How are these facts connected with the physical iiid«- 
pendence of light and heat 7 
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with the temperature of the source fiom which the imyB 
come. 

There is a certain well-known substance, rock salt, with 
which, if we could obtain plates large enough to inter- 
Tene completely between the two minors, a different 
series of results would be exhibited. Whateyer might 
be the temperature of the source, whether low or high, 
the i*ays would pass it with equal fV'eedom. The warmth 
of the hand and the rays fiiom melting iron would go 
through it alike. This substance, therefore, is permeable 
to all kinds of heat, as glass is permeable to all kinds of 
Bght. It constitutes the true glass for heat. 

The great conclusion which we draw from the expesi- 
ments just described is, that there are different varieties of 
radiant heat. Some of them can pass through glass, and 
some can not. Hereafter we shall see that the intrinsic 
differences in radiant heat are due to the same cause 
which gives different colors to light. 



LECTURE XVI. 

Theory op the Exchanges op Heat. — Physical Inde- 
pendence ofJAght and Heat, — Theory of Exchanges, — 
JSoDplanation of the Cold Ray Experiment, — Wells* s 
Theory of the Dew, — Cold on Mountain Tops, — Con- 
duction a Form of Radiation, — Temperature of the Sun, 

The earlier writers on chemistry supposed that if light 
and heat are not the same principle, they are mutusJly 
convertible ; that when the rays of light fall on any ob- 
ject and warm it, they do so because they become ex- 
tinguished and changed into heat. 

But there are many facts which militate against this 
doctrine. A vessel containing hot water radiates heat, 
and that heat is totally invisible in a dark room, nor can 
it be made to assume the luminous condition, even though 
concentrated by large concave mirrors. 

Wlial; are the properties of rock salt 7 Why is it the glass of heat ? 
Whal; general coiioliision is drawn fivm the foregoing facts 1 "Wliat are 
the Taneties of radiant heat due to ? What relation was formerly sup- 
med to exist between light and heat 7 Can rays of heat exist withoat 
oeing visible 7 
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Experiments have been made to determine whether u 
the moonbeams there are any calorific rays. The molt 
delicate thermometers, aided by concave mirrorSy htre 
hitherto failed in detecting the minutest trace. In this ut 
stance, therefore, we have light existing without beat; in 
the former, heat existing without light 

In addition, as we have already shown, the relation of 
transparency for these two agents is not the same. A 
piece of smoky quartz, or dark-colored mica, of such i 
degree of opacity as scarcely to admit a ray of .light to 
pass, is freely traversed by radiant heat. 

The theory of the exchanges of heat, comprehending 
ani^xplanation of a great number of the phenomena we 
ordinarily witness, depends upon the following principkB : 
It assumes, 1st, that all bodies, no matter what their tem- 
pei-ature may be, are constantly radiating heat at all times; 
2d. That the rate of radiation depends on the tempera- 
ture, increasing as the temperature rises, and diminishing 
as it declines. 

Thus the various objects around us are constantly emit- 
ting caloric: the warm bodies to the cold, and the cold 
ones to the warm. A mass of snow and a red-hot cannon- 
ball respectively give offbeat, the ball emitting it in great 
quantities, and the snow in less. And even when adja- 
cent bodies have reached the same thermometric point, 
they still continue to exchange heat with one another. 

Upon these principles, we can readily account for the 
fact that bodies of different temperatures at first, finally 
come to an equilibrium. If an ignited cannon-shot he 
placed in the middle of a large room, it radiates its heat 
to the roof, the walls, the floor, and the various objects 
around : they also radiate back again upon it ; but, from its 
elevated temperature, it emits its heat faster than they, and 
therefore gives out more than it receives. Its tempera- 
ture constantly descends, and continues to do bo until it 
receives just as much as it gives, which takes place when 
it has reached the same degree as the objects around; 
for, other things being equal, bodies at the same temper- 
ature radiate with equal speed. 

Can light exist anaccompanied by heat ? What other evidence htve 
we of tiie physical independence of these agents ? On what does Ao 
theory of the exchanges of heat depend 7 Do bodies at the aame tm- 

Catore stiU radiate 7 Deioribe the process of cooling of an incandesGtat 
y. 
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The process must, however, stop as soon as that equal- 
ity of temperature is attained ; for, if we suppose the shot 
to Gool below that point, it would evidently begin to re- 
ceive more heat from the objects around than it gave forth, 
and the excess accumulating in it, its temperature would 
at once rise. - 

. When an equilibrium is obtained the process of radia- 
tion still continues, but the exchanges are equal. Two 
lighted candles placed together do not extinguish each 
odier, or cease to exchange light with each other, nor do 
two bodies equally warm cease, for that reason, to exchange 
heat. In a room, therefore, in which every thing has the 
same temperature, rays are eternally exchanging, but each 
object maintains its own temperature, because it receives 
as much as it gives. 

If a red-hot ball and a thermometer bulb are placed 
near one another, the bulb receives more heat from the 
ball than it gives to it, and its temperature therefore nscs ; 
but, if a thermometer bulb and a snowball are placed in 
presence of one another, the bulb, being the hotter body, 

fives more than it receives, and its temperature therefore 
escends. This is the explanation of the experiment with 
the conjugate mirrors. That experiment, as was observ- 
ed, affords no proof that there are rays of cold : the ef- 
fect is due to the fact that a mutual exchange is going 
forward between the two bodies, and the temperature of 
the hotter descends. The mirrors, of course, take no 
part in this phenomenon ; their office is merely to direct 
the path of the rays, as has been explained. 

On the principles of the radiation of heat is founded 
Wells's theory of the dew. After the sun goes down of an 
evening, drops of water condense on the leaves, grass, 
stones, and other objects exposed to the air. It was once 
a question whether this dew descended in the lorm of a 
light shower, or ascended from the ground. There are 
also certain circumstances apparently very mysterious at- 
tending its formation : the dew rarely falls on a cloudy 
night ; it alsoi> apparently possesses a selecting power, de- 

When does the descent of temperature cease ? When an equilibrium 
is obtained, what is the rate of the exchanges ? Describe the action in 
the case of a red-hot ball and a thermometer bulb. Describe the action of 
a snowball and a thermometer bulb. How is this connected with the ex- 
periment with conjugate mirrors ? Under what circumstances does dew 

KTITnT 
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positing itself on some bodies in preference to ollien. 
The theory of Dr. Wells fiirnishes a oeautiful explanation 
of these curious facts. During the day, the various bod- 
ies on the surface of the earth, receiving the rays of the 
Bun, become warm ; but at ni)riitfall» when the sky is un- 
clouded, they begin to cool ; for, the process of radiadon 
continuing without any source of supply, their tempera- 
ture must descend. While the sun shone, thoy received 
as much heat from him as they gave forth to the sky, but 
when he sets, the supply is cut off^ and they therefore 
cool ; and as there is always moisture in the air, their 
temperature descending, by-and-by the dew point is reachr 
ed ; they become cold enough to condense water from the 
surrounding air, and this is the dew. And as different 
bodies, according to the roughness or physical condition 
of their sur&ces, radiate with different degrees of speed, 
as Leslie's canister proves, some of the oojects exposed 
to the sky cool rapidly, and are covered with dew ; hot 
with others the dew point is never reached : hence the 
apparent selecting power. When there is a canopy of 
clouds over the sky, dew can not form, for the cloud ra- 
diates to the earth as much as the earth radiates to it : the 
exchanges are equal, and the equilibrium is maintained ; 
but if the cloud disappears, the heat of the surface of the 
ground escapes away into the regions of space, and is 
lost ; hence cloudy nights are warm, and a clear ia ofken 
a frosty night. 

For similar reasons, mountain tops are always colder 
than valleys. In a valley, the radiation is obstnicted fay 
the sides of the adjacent hills, but on the top of a molIII^ 
ain the free exposure to the sky permits of unchecked 
radiation. 

It has already been observed, that condactioa is only t 
form of radiation. In its ordinary acceptation, the term 
conduction implies passage from particle to particle, by 
reason of their being in contact ; but we have proved lint 
the constitution of matter involves the existence of ]nte^ 
stices, and that heat can only pass from among these by 
radiating across the interstices ; hence the term interstitial 
radiation. 




power 
colder 
diation 7 
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An interesting conclusion may be drawn from the con- 
ditions of the passage of radiant heat through glass. We 
have seen it is necessary that the heat should come from 
a source of very high temperature to pass this medium 
with facility. Now the heat of the sun passes with the 
gpreatest freedom, as is well known when we stand before 
a window through which the sun shines. In the focus of 
a convex lens of glass exposed in the sun's rays, bodies 
may be readily set on fire. We infer, therefore, that the 
temperature of the sun is very high ; a result which is 
(corroborated by proofs drawn from other sciences. 



LECTURE XVn. 

Nature op Light. — Vibratory Movement the Cause of 
Light, — Evolution of Light by Rise of Temperature. — 
Ca^se of Gases. — Nature of Flame. — Artificial Lights 
of various Colors. — Gejteral Properties of Light, — The 
jPrism. — Decomposition of Light by it. — Nature of 
White Light. — Newton* s Theory of different Refrangi- 
hility. 

The phenomena of radiant heat lead us by impercep- 
^ble steps to the phenomena of light. In treating of the 
former, we have m many cases drawn illustrations from 
^he latter; and, indeed, there are facts in relation to ca- 
loric which it is absolutely impossible to understand until 
'we comprehend the analogous facts in light. Such, for 
instance, is the theory which I have designated ** The 
Theory of Ideal Coloration," and which by the most em- 
inent writers is regarded as involving the fundamental 
facts of the science of radiant heat. 

Light is the result of an undulatory or wave-like mo- 
tion, propagated through the ethereal medium, which per- 
vades all space. These waves, impinging on the retina^ 
an expansion of the optic nerve, situated on the posterior 
inner surface of the eye, produce in its delicate substance 
a specific chemical change. There is no difficulty in ad- 
mitting that from these changes impressed upon that sen- 

Wbat oonohisioii xna^ be drawn as reipecta the temperature of the son, 
from tile phenomena ot radiant heat f What is tlie cause of light 1 How 
ia ti)e inmience of light on the retina transmitted to the brain 7 
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sitive surface, a vibratory movement is transmitted along 
the optic nerve to the brain ; for, as we shall see when we 
reach the desci-iption of a simple voltaic circuit, the oxy- 
dation of a piece of zinc may raise the temperature di 
platina thread to a red heat hundreds of miles ofiitlie 
movement being trtuismitted through a solid copper wire, 
How much more, then, might we expect to find similir 
movements communicated through a delicate nervoa 
column, specially organized for their passage ? 

Nor is there any didiculty in admitting that thioo^ 
such a channel an infinity of vibrations may simultaneooilT 
pass, undisturbed by each other. All the varied objectt 
around us, whatever may be their shape or whatever their 
color, simultaneously transmit through the optic nene 
their proper impressions, which are registered in the braia 
There are similar phenomena in the case of sound ; thin, 
if we take a musical snuffbox, and, removing its case, holi 
it in the air, the sound is so enfeebled that it is scarc^ 

audible a few feet off; but now, if the 
instrument be placed in the position i 
Fig. 53, resting on a block of wood, 
c, which is brought fairly in contact at 
its lower end with the table, a J, the 
table begins to resound, and the mn» 
cal notes are all loudly and distinctly 
h e ard. But these vibrations, into whii 
the table is thrown, have all passed 
through the mass of wood, c ; if we touch it, it trembki 
beneath the finger. And now, no matter how shapeletf 
that intervening mass may be, nor how intricate the uotei 
which the instrument is executing, there is no confuskn 
nor intermingling ; the mass of wood and the table oi 
which it rests vibrate in unison with the musical mech- 
anism. 

When the temperature of solid substances is raised to 
1000° Fahrenheit, they begin to be luminous in the day- 
light, or, as it is termed, are visibly red hot It require* 
a far higher temperature to render a gas incandescent 




Are there any analogous phenomena illustrating the transmission dtd- 
fects through great distances ? Can such vibrations pass together throtfk 
Bohd bodies wi thont disturbing one another ? Give an illustration fromS 
phenomena of sound. At what temperature are solids laminQun ? |i > 
gas or a solid more easily made incandescent ? 




ARTIFICIAL LIGHT. 73 

This may be shown by holding apiece of thin platina wire 
in the current of hot air which rises from the apex of the 
flame of a lamp; the air is not visibly ignited, but the 
platina wire instantly becomes red hot, showing the g^eat 
difference in this respect between this metal and a gas. 

Different vapors and gases evolve different quantities 
of light when ignited. The flame of burning hydrogen is 
scarcely visible in the daylight ; that of alcohol is but little 
brighter, but, under the same circumstances, sulphuric 
ether emits much light. If we take a glass of the form 
Fig, 54, consisting of a bulb, a, and p- ^ 

curved tube, i, and having filled the 
bulb with ether, cause it to boil by 
the application of a lamp, c, the 
ether may be set on fire as it is forced 
out of the vessel by the pressure of 
its vapor. It burns in a beautiful 
arch of great brilliancy; but if we 
substitute alcohol for eth^r, the light becomes quite in- 
significant. 

The light which is emitted by lamps and candles is, 
however, in reality, due to the disengagement of solid 
matter. The constituents of the gas which produces the 
flame are carbon and hydrogen chiefly ; of these, the latter 
is the more combustible, and is first burned ; for a moment, 
therefore, the carbon exists in a solid form, in a state of 
extreme subdivision, and at a high temperature, but being 
in contact with the external air, it is immediately consumed. 

Artificial lights differ in color. If alcohol be mixed 
-with common salt and set on fire, the flame is of a yellow 
tint ; if with boracic acid, it is gi'een ; if with nitrate of 
strontian, it is red. It is upon these principles that the 
art of pyrotechny depends. 

From whatever source light may come, it exhibits the 
same physical properties. It moves in straight lines. 
WTien it in^pinges oxx polished metallic surfaces, it is re- 
flected ; pn dark surfaces, it is absorbed ; on transparent 
surfaces, as glass, it is transmitted. In the last case, it is 

tn the combustion of vapors and gases, is there any difference in the 
Bxnoant of light emitted ? How may this be illustrated? To what cause 
are we to attribnte the light emitted by lamps and candles ? How may 
artificial yellow, green, and red lights be made? In what course does 
light move ? What is meant by the reflection, absorption, transmission, 
and refraction of light ? 

a 
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Fig. 56. 



frequently forced into a new path, as we shall presently 
see, and then the phenomenon takes the name of refrac- 
tion, because the rav is broken from its primitive course. 
There are two different kinds of opacity, black and 
white; charcoal is a black claque substance, earthen- 
Fig. 95. ware is opaque white. 

Sir Isaac Newton first succeeded in proving 
the compound nature of light by the aid of a 
very simple instrument, a g^ass prism. . }t con- 
sists of a piece of glass * having three sides, 
Fig. 55, a a, and is usually mounted on a brass 
stand, by with a ball and socket joint, c, which 
allows us to place it in any required position. 
Let the shutters of a room be 
closed, and through an apeztiire in 

J one of them, suitably situatied,' let a 

beam of the sun enter, jP^. 56, a. It 
^ ^^ , pursues, of course, a straight path, 

l^r-jt.^--'^;;^. following the dotted line, a e. Now 
I ^^^1 ^^^ ^^^ prism interpose in the position 

i ^^^ i c, so as to intercept completely the 

8 ray. This goes no longer to c, but is 

bent out of its course, and moves in 
the direction d, 

Two striking facts are now to be remarked : first, the 
ray a is refracted or broken from its path ; and, second, 
instead of forming on the surface d, upon which it falls, a 
white spot, an elongated and beautiiully-colored image 
is produced. These colors are seven in number : red, 
yellow, orange, green, blue, indigo, violet. The separation 
of these colors fi*om one another is designated by the tenn 
Dispersion, 

Newton has shown that white light consists of these vari- 
ous-colored rays blended together ; and their separation in 
the case before us is due to the fact that the prism refracts 
them unequally. On examining the position of the colors, 
in their relation to the point «, to which they would all 
have gone had not the prism intervened, it is ascertained 
that the red is least disturbed or refracted from its origi- 



How many kinds of opacity are there ? Describe the ptinn. Btate dw 
efect which ensues when a ray passes through the prism. What is vuni 
hy refraction ? What by dispersion 7 What is Newton's theory of dM 
oons^itt^tipn of light ? 



TBB SOLAS flPEOTEUIf. 75 

dbI patli, and tlie violet most ; for these reasons, wa call 
the red the least refrangibte ray, the violet the most refran- 
gible, and the yellow intermediately. 

That the mixture of these colored rays reproduces 
white light, may be proved by resorting to any optical 
contrivance which will reaaeenible them all in one point; 
that pcnnt will be perfectly white. 



LECTURE XVIII. 
Constitution of the Solar Spbctkcu. — Order of the 

Colort.—Ord» ofLtteiuity of the Light— IHttribMlum 

ofHtat. — The Chemical Ray i. — Their DUtribulioji.-~ 

t^Mttitutum of the Solar Ray». 

L«T V r. Fig. 57, represent the spectrum 'V" 
which is given by a sunbeam after its passage ^^^ 
thnotiKh a prism, and e the point to which it I 
would have gone had not the prism intervened; I 
the order of the colors commencing with that I 
which is teast disturbed from its path, c 
to e, is as follows ; 

B«d, I Bh 

Onoge, Ind 

These colon gradually blend into each od)er, ' 
BO that their boundaries can not be traced ; and instead 
of a circular spot, which would have resnlted had they 
gone forward to e, they are dilated out, so as to form an 
elongated figure with parallel sides; at the two extre 
ties Uie light fades gradually away, so that we can not tr 
its limit with precision. 

Besides this difference of color, the light differs in in- 
trinsic brilliancy in the different spaces. Thus, if we re- 
ceive the spectrum on a piece of finely-printed paper, we 
can read the letters in each color at very different dis- 
tances. In the yellow region the light ia most brilliant, 
and there we can read farthest. From this point the liglit 
doclines in brillianoy to the two ends of the spectrum, its 

Wfaichia the leHtud which the molt re&insiblen;? OfwhaCiloel 
wUte light (KBriitT What ii )beorderofrefr*agihi1il;of colon? 'What 
ii Itaa flirars of the fpeclrnin ! How mty tha illumiiutuig power be ile. 
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intensity in the colored spaces being in the follo^iig<»| 
der: 



YeUow, 
Green, 
Orange, 
Red, 



Blae, 

Indigo^ 

Violet 



Sir W. Herschel discovered, while using large refleeOj 
telescopes, that the calorific rays of the sun passwidilf 
ferent aegrees of facility through colored glasses, andwi 
led to examine the temperature of the colored spaceirf 
the solar spectrum, to see whether the intensity of theliei^ 
follows the intensity of the light. It ivas reasonable B 
suppose that the yellow space, being the brightest, wwli 
-^ jg be also the hottest. He therefore placed deBctf 
^ thermometers in the various colored spaces, si' 
kept them in these spaces until they bad riseD I 
high as the ray could bring them. The thermo* 
eter v. Fig, 58, has risen the least, and in >*• 
cession, t, b, g, y, o, r ; that which was immenJ 
in the red being the highest. 

It thus appears that the distribution of heatt 
the colored spaces of the solar spectrum is not^ 
same as the distribution of light ; that the yeDo* 
ray, though it is the most luminous, is far fro* 
being the hottest, and that the intensity of the heatsteii 
ily increases from the violet to the red extremity. 

But this is not all : he farther found, that if a thermos 
eter be brought out of the red region in the position Zi^ 
yond the limits of the spectrum, and where there i> * 
light whatever, it stands higher than any of the othe* 
From this a most important conclusion is to be Ais^ 
that the light and heat existing in the sunbeam are & 
tinct and independent agents, and that by such procetfC^ 
as we are considering they may be perfectly aepttrtxi 
from each other. 

It was discovered by some of the alchemists, ceDttfi^ 
ago, that the chloride of silver, a substance of snowy whb 
ness, turns black on exposure to the light. More recerf* 
ly, a great number of such bodies have been found-*-l)0^ 




What is the order of illaminating power? Describe the discovei;^ 
Sir W. Herschel. Is the distribution of heat in ti^e ipcctrum the lui*' 
the distribation of light 1 What fact indicates that the lieht and hellii* 
ceparate aud independent agents 7 Wliat cbapges doep clUoride of pH^ 
undergo in the sunsliine T 
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ies which change, with greater or less rapidity, under the 
influence of this agent. The iodide of silver, which forms 
the hasis of the process known as the Daguerreotype, is 
such ; and a mixture of chlorine and hydrogen gases in 
equal volumes, though it may be kept unchanged for a 
great length of time in the dark, explodes violently on ex- 
posure to the sunshine. In the same manner changes take 
Slace in a great variety of organic compounds ; the most 
elicate vegetable hues are soon bleached, and, indeed, a 
ray of light can scarcely &11 on a surface of any kind 
without leaving traces of its action. 

If a piece or paper, spread over with chloride of silver, 
be placed in the solar spectrum, it soon begins to blacken. 
But it does not blacken with equal promptitude in each 
of the colored spaces ; the effect takes place most rapidly 
among the more refrangible colors, and especially in the 
violet region. As in the case of heat, the effect extends 
far beyond the limit of the spectrum, and where the eye 
can not discover a trace of light. We are led, therefore, 
to conclude that there exists in the sunbeam an agent ca- 
pable of producing chemical effects, which exerts no action 
on a thermometer, which can not be perceived by the eye, 
and which therefore is neither heat nor light. 

By placing mixtures of chlorine and hydrogen in small 
vials, and immersing them in the colored spaces, we can 
readily determine the place of maximum action, and the 
distribution of the chemical influence throughout the 
spectrum. In this, as in the former instance, the greatest 
efiect is found amon^ the more refrangible colors, and 
from that point diminishes toward each extremity of the 
spectrum. 

As the general result of this examination of the solar 
spectrum, we finally come to the conclusion that light, far 
from being a simple, is a very complex agent ; that there 
exist in the sunbeam at least three separate principles : 
one which excites in our bodies the sensation of warmth ; 
a second which, from its influence on the organs of vision, 
we recognize as light ; and a third which determines the 

When A mixtare of chlorine and hydrogen is exposed to the son, what Oc- 
cam f How does light change vegetahle colors f Which ray darkens Uie 
dilorida of flilver most ? What proof have we that another agent exists in 
die sail's rays besides light and heat 1 What ra;^ affects the mixture of 
chloriiie and hydrogen most powerfhUy ? What is tibe general result aa 
respecti the oonstitatioii of ne sunbeam ? 

G2 
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production of chemical changes. Future discoyery maj 
show that these are modifications of one common princi- 
ple, but in the present position of science we are obliged 
to regard them as essentially distinct. 

Besides these three principles, there are several facts 
which point out the existence of a fourth. When oyster- 
shells have been calcined with sulphur, they obtain the 
quality of shining after they have been exposed to the 
light. The brief flash of an electric spark is sufficient to 
make them glow splendidly ; but, what is very singular, 
the rays, which in this instance bring about this result, 
can not pass through a piece of glass. Glass is perfectly 
opaque to them. We can not regard that as lignt which 
is unable to pass through glass ; and on arguments of this 
character, I have shown that the phosphorogenic rays are 
entitled to be regarded as a distinct imponderable prm- 
ciple. — {Phil, Mag., Aug., 1844.) 



LECTURE XIX. 

Wave Theory of Light. — Fixed Lines in the Solar 
Spectrum. — Proofs of the Existence of the Ether^^-^IAght 
consists of Waves in it. — The Ethereal Particles move 
hut little. — Distinction between Vibration and Undula^ 
tion. — FresncVs Theory of Transverse Vibrations. — 
Transverse and Normal Waves. — Brilliancy of Ldght 
depends on Amplitude of Vibration. 

In the foregoing examination, we have found that light 
is very far from being a simple agent ; it contains at least 
four distinct principles : heat, light, chemical action, and 
phosphorescence ; but of each of these there are many 
modifications. The eye proves to us that of light there 
exist at least seven different varieties, answering to the 
seven colors, and besides this, innumerable intermediate 
tints ; the same subdivision may be traced for each of the 
other principles. 

When the aperture which admits a ray of light into the 
dark room, Fig. ^Q, is a narrow fissure or slit, not more 

What proof is there of the existence of a foarth principle ? Can tiie 
phosphoroffenic rays of an electric spark pass througb glass T Ara thert 
any sabsimary modifications besides the Ibor here mentionod T 
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:Iiui die one thirtieth of an inch in wiiltb, the spec- ^!g- ''<' 
Tum ^hich is formed by the action uf a prism is 
BToased by great numbcrg of black lines. These 
always are iijund in the same position, aa reHpects 
the colored spaces, and, from the invariability of 
that position, are much used as boundary marks. 
Tbey are desigaated by the letters of the alpha- 
bet, and their relative magnitude, with their po- 
sitioQ, 18 given in Fig. 59. 

It has already been said that the cause of light 
ia an undulatory movement taking place in 
ethereal medium. That such a medium ex 
throughout all space, seems to be proved by a 
number of astronomical facts. It exerts a resist- 
ing agency on bodies moving in it. From ii 
tenuity, we should scarcely expect that it woul 
impress any disturbance on the great planetary masses; 
but on light gaseous cometary bodies it produces a per- 
ceptible action. Tbe comet of Encke, with a period of 
about 1200 days, is accelerated in each revolution by 
about two days ; and that of BieJa, witb a period of 2460 
days, is accelerated by about one day. As there is no 
Other obvious cause for these results, astronomers have 
Tery generally looked upon them as corroborative proo& 
of tlie existence of a resisting medium, that universal ether 
to which so many other facts point. 

In this elastic medium, undulatory movements can he 
propagated in the same manner us waves of sound in the 
air. It is to be clearly uJiderKtood that the ether and light 
are distinct things ; the latter is merely the effect of move- 
ments in the former. Atmospheric air is one thing, and 
the sound which traverses it another. The sir is not 
made up of the notes of the gamut, nor is tbe ether com- 
posed of the seven colors of light. 

Across the ether, undulatory movements, resembling, in 
many respects, the waves of sound in the atmosphere, trav- 
erse with prodigious velocity. From the eclipses of Ju- 
piter's satellites, and other astronomical phenomena, it 
appears that the rate of the propagation of light, or the 

What are die fixed liaei 1 How are theie Uoes deiiniBied, sad whst 
!■ tbeir hbo ? Whsi prouEi have we of lbs eniitence irf an ethereal mo- 
dhml Whit ia die reUtion between tbe ether and lightl At wtiat 
nM is light piopBgaMd t 
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vtfadtj with which these wweA adraoce, is 195,000 mile* 
ID a second. "We sre not, howerer, to understand by this 
that the ethereal panicles nufa forward in a rectiliDesr 
coone at that rate : tho«e paiticlea, &r from advancing, 
rsmain atationarr. 

If we take a long cord, a i. Fig. 60, and having fast- . 
f.- (^ ened it by the extrem- 

1 ity, 6, to a fixed obeta- 
I cie, commence agita- 
I ting the end, a, up and 
' down, the cord wilt be 
thrown into wave-like motions pas^ng rapidly from one 
end to the other. This may afibrd us a rude idea of the 
nature of the ethereal movements. The particles of which 
the cord is composed do not advance or retreat, though 
the undulations are rapidly passing. 

So, too, if in the center, c, of a surface of water, Ftg. 
Fig. •!. 61> ^^ make a tapping motion \vith the 

finger, circular ^vaves are propagated, 
ka. which, expanding as they go,Boon reach 
the sides of the vessel which holds the 
A light object placed on the 
P surface is not violenily drifted forward 
by the waves, but -remains entirely mo- 
tionless. We see, therefore, that there 
e distinction between the mo- 
1 of a wave and the motions of the particles among 
which it is passing. They r«tain their places, but the 
wave flowa rapidly forward. 

A distinction is to be made between the words vibra- 
tion and undulation. In the cose of the cord. Fig. 60, the 
vibration is represented by the movement exerted by the 
hand at the free extremity, a ; the undulation is the wave- 
like motion that passes along the cord. In the case of 
the water, Fig. 61, the vibration was represented by the 
tapping motion of the finger, the undulation by the result- 
ing wave. We, therefore, see that these stand in the re- 
lation of causo and effect : the vibration is the cause, and 
the undulation the effect. Throughout the ethereal medi- 

Da Ibe etfapresl puticlei mave forward at that raXe ? How maj' tfw 

for^i^with :hrwl" 
DiidnlBiioiiii 1 
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um, each particle vibrates and transmits the andulatory 
effect to the particles next beyond it. 

In the same way as a Tibrating cord agitates the sur- 
rounding air, and makes waves of sound pass through it, 
so docs an incandescent or shining particle, vibrating with 
prodigious rapidity, impress a wave-like movement on the 
ether, and the movement eventually impinging on the eye 
is what we call light. 

To refer again to the simple illustration given in Fig. 
60 : it is obvious that there are an infinite variety of di- 
rections in which we may vibrate that cord or dirow it 
into undulations. We may move it up and down, or 
horizontally i-ight and left, and also in an infinite number 
of intermediate directions, every one of which is trans- 
verse, or at right an- Fig. 82. 
gles to the length of 
the cord, as a a^h h^ 
c c, &c.. Fig. 62. 
This is the peculiari- 
ty of the movement 
of light. Its vibrations are transverse to the courae of die 
ray; and in this it differs from the movement of sound, in 
which the vibrations are normal, that is to say, executed in 
the direction of the resulting wave, and not at right angles 
to it. 

This great discovery of the transverse vibrations of 
light was made by M. Fresnel. It is the foundation of 
the whole theory of optics, and offers a simple but brill- 
iant explanation of so many of the phenomena of light, 
that the undulatory theory is by many writers designated 
the Theory op Transverse Vibrations. 

It may, however, be remarked, that though light con- 
sists of rays originating in these transverse motions, it is 
not impossible^ that there may be other phenomena which 
correspond to movements in other directions. To those 
movements our eyes are totally blind, and hence we can 
not speak of them as light. In the same way there may 
be motions in the air, due to transverse vibrations, but to 
them our ear is perfectly deaf. But it is not improbable 
that God has formed organs of vision and organs of hear- 
How does e«di ethereal particle propi^ata the wave to those beyond 
it ? Is tiiere any anally between sound and light ? In how many ways 
may a cord be vibrated? WTiat is implied by the term theory ot' trans- 
verse vibrations ? Axe other motions possible 1 
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ing in the case of other animals upon a different type ; 
eyes that can perceive normal vibrations in the ether, 
and ears that can distinguish transverse sounds in the air. 
Lights differ from eacn other in two striking particulars 
— ^brilliancy and color. These are determined by certain 
affections or qualities in the waves. On the surface of 
water we may have a wave not an inch in altitude, or a 
wave, as the phrase is, " mountains high." Under these 
circumstances, waves are said to differ m amplitude ; and, 
transferring this illustration to the case of light, a wave, 
the amplitude of which is great, impresses us with a sense 
of intensity or brilliancy, but a wave, the amplitude of 
which is little, is less bright. The brilliancy of -light de- 
pends on the magnitude of the excursions of the vibrating 
particle. 




LECTURE XX. 

Wave Theory op Light. — Colors of Light depend upofn. 
Wave Lengths. — Interference of Sounds. — Young's 
Theory of Interference of Light. — Condition of Inter- 
ference. — Explanation of Lights and Shades in Shad' 
ows. 

By the length of a wave upon water, we mean the dis- 
^g. 63. tance that intervenes from the crest 

a^ _^ of one wave to that of the next, or 

from depression to depression. 
Thus, in Fig. 63, from a to &, or, 
what is the same, from c to ^Z, constitutes the wave length. 
In the ether the length of the waves determines the 
phenomenon of color ; this may be rigorously proved, as 
we shall soon see, when we come to the methods by which: 
philosophers have determined the absolute lengths of un- 
dulations. It has been found that the longer waves give 
rise to red light, the shorter ones to violet, and those of 
intermediate magnitudes the other colors in the order of 
their refrangibility. 

Two rays of light, no matter how brilliant they are sep- 

What is meant by tlie amplitude of waves 7 On what does the brillian- 
cy of light depend 7 What is meant by the length of a wave 7 What is 
the oonnectioii between oolor and wave lengA 7 
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\ 




arately, may be brought under such relations to one 
another as to destroy each others effect and produce dark- 
ness. Light added to light may produce darkness. Two 
sounds may bear such a relation to each other that they 
shall produce silence ; and two waves, on the surface of 
water, may so interfere with one another that the water 
shall retain its horizontal position. 

Take two tuning forks of the same note, and fasten by 
a little sealing wax on one prong of each a 
disc of card-board, half an inch in diameter, 
as seen Fig. 64, a. Make one of the forks a 
little heavier than the other, by putting on 
the end of it a drop of the wax. 

Then take a glass jar, b, about two inches 
in diameter and eight or ten long, and having 
made one of the forks vibrate, hold it over 
the mouth of the jar, as seen at rf, its piece 
of card-board being downward ; commence pouring water 
into the jar, ard the sound will be greatly re-enforced. 
It is the column of air in the jar vibrating in unison with 
the fork, and we adjust its length by pouring in the water; 
when the sound is loudest, we cease to pour in any more 
water, the jar is adjusted, and we can now prove that two 
sounds added together may produce silence. 

It matters not which fork is taken, whether it be the 
light or the loaded, on making it vibi-ate and holding it 
over the mouth of the resonant jar, we hear a uniform 
and clear sound, without any pause, stop, or cessation. 
But if we make both vibrate over the jar together, a re- 
markable phenomenon arises, a series of sounds alterna- 
ting with a series of silences ; for a moment the sound in- 
creases, then dies away and ceases, then swells forth 
again, and aeain declines, and so it continues until the 
forks cease vibrating. The length of these pauses may be 
varied by putting more or less wax on the loaded fork ; 
and as we can see that even during the periods of silence 
both forks are rapidly vibrating, the experiment proves 
that two sounds taken together may produce silence. 

Under these circumstances, waves of sound are said to 



TVhat i« meant by the interference of lights or of sounds ? Give an il- 
logtrmtkm of the interference of sounds. AVhat is the character of tte 
Mmd which the reKmant jar emits 1 Why are there paoaet m it 7 At 
the time of tiieae panaei, are the forks vibratingt 
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interfere with each other, and in like manner interference 
takes place among the waves of light. We can gather 
an idea of the mechanism by considering this case in waves 
upon water, in which^if two undulations encounter under 
such circumstances that the concavity of the one corre- 
sponds with the convexity of the other, they mutually de- 
stroy each other's effect. 

If two systems of waves of the same length encounter 
each other after having come through paths of equal length, 
they will not interfere. Nor will they interfere even 
though there be a difference in the length of these paths, 
provided that difference be equal to one whole w^ave, or 
two, or three, &c. 

But if two systems of waves of equal length encounter 
each other after having come through paths of unequal 
length, they wrill interfere, and that interference will be 
complete when the difference of the paths through which 
they have come is half a wave, or 1\, 2^, 3^, &c. 

Fig. 65. These cases are respectively shown 

^ at a i, and c d. Fig, 65, at the point 
of encounter, x ; in the first instance, 
"b the two sets of waves are in the same 
phase, that is, their concavities and 
^ convexities respectively correspond, 
, and there is no interference ; but in 
-- the second case, at the point of en- 
counter, X, the two systems are in opposite phases, the 
convexity of the one corresponding wim the concavity of 
the other, and interference takes place. 

Upon these principles, we can account for the remark- 
able results of the following experi- 
ment : From a lucid point, *, Fig, 
* 66, which may be formed by the 
9 rays of the sun converged by a dou- 
e ble convex lens of short focus, or by 
passing a sunbeam through a pin- 
hole, let rays emanate, and in them 
place the opaque obstacle, a h^ which 
^ we will suppose to be a cylindrical 





Fig. 66. 




When two waves upon water encounter each other, under what cir- 
camstances will they interfere ? When systems of waves of equal lengUi 
encounter one another, when do they, and when do they not, interfere 1 
Describe the experiment represented in Fig. 66. 
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body, seen endwise in the figure ; at some distance beyond* 
place a screen of white paper, c d, to receive the shadow. 
It might be supposed that this shadow should be of a 
magnitude included between x y, because the rays, s a, 
9 d, which pass the sides of the obstacle impinge j^. ^^ 
on the paper at those points. It might farther be 
supposed, that within the space x y the shadow 
should be uniformly dusky or dark 5 but, on exam- 
ining ity such will not be found to be the case. 
The shadow will be found to consist of a series of 
light and dark stripes, as represented in Fig, 67. 
In its middle, at e, Figs. 66 and 67, there is a white 
stripe; this is succeeded on each side by a dark 
one ; this, again, by a bright one, and so on alteraately. 

Upon the undulatory theory, all this is readily explain- 
ed. Sounds easily double round a corner, and are heard 
though an pbstacle intervenes. Waves upon water pass 
round to the back of an object on which they impinge, 
and the undulations of light in the same manner flow 
round at the back of the piece of wire, a b, Fig, 66 ; and 
now it is plain that two series of waves which have passed 
from the sides of the obstacle to the middle of its shadow, 
that is, along the lines a e^ h e, have gone through paths 
of equal length, and, therefore, when they encounter at 
the point c, fihey will not interfere, but exalt each other's 
effect. 

But, leaving this central point, e, and passing toj^ it is 
plain that the systems of waves which have come through 
the paths a J',, hf^ have come through different distances, 
for ©y is longer than a f ; and if this difference be equal 
to the length of half a wave, they will, when they encoun- 
ter at the pointy^ interfere and destroy each other, and a 
dark stripe results. 

Beyond this, at the point ^, the waves from each side 
of the obstacles, a gjh g, again have come through une- 
qual paths ; but, if the difiference is equal to the length of 
one whole wave, they will not interfere, and a white 
stripe results. 

Reasoning in this manner, we can see that the interior 

Li the resaltlng shadow uniformly dark ? At the central point of die 
shadow, is it daik or light ? Explain the cause of this central light space, 
and of the alternate dark and light ones on each side of it ? What is the 
length of the paths of the waves which go to the illuminated 6\^aAe%, «sAq)S. 
those which go to the dark ones ? 

H 
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contaminated with other tints ; the blue glass, for instance, 
does not stop all the rays except the blue ; it allows a laree 
portion of the red to pass, ana hence the light it transmits 
IS more or less compound. 



LECTURE XXII. 

The TiTHONic Rays. — Peculiarities of the Tithonic Rayi. 
— Their Physical Independence of Heat and Lnght* — 
Analogies with Light, — Found in Moonlight^ Ijamjh 
light^ 8fv. — Preliminary Absorption and definite Action, 
— In producing a Chemical Effect, the Ray changes,"^ 
Daguerreotype. — Application to taking Portraits. — Ne^ 
ture of the Daguerreotype. — Other Photogenic Processes, 

It has been already observed, that when a solar spec- 
trum falls upon paper covered over with chloride of sil- 
ver, the chloride turns black in the more refrangible re- 
gions, and from this and similar experiments we have been 
led to the knowledge that there exists in the sunbeam a 
principle which can bring about chemical changes. 

This fact has been received from the beginning of the 
present century; but, of late, much attention has been 
given to these rays, and from a consideration of the phe- 
nomena they exhibit, I have endeavored to prove that they 
constitute a fourth imponderable principle of the same 
rank as heat, light, and electricity ; and, for the purpose 
of giving precision to this view, have proposed that they 
should be called Tithonic rays, from the circumstance 
that they are always associated with light ; drawing the 
allusion from the classical fable of Tithonus and Aurora. 

This name is, however, to be regarded as a provisional 
one. Everv thing seems to indicate that sooner or later 
all these prmciples will be reduced to one of a more gen- 
eral nature, or that they arc all modifications of move- 
ments taking place in the ether. 

The evidence of the physical independence of the Ti- 
thonic rays is very much of the same character as the evi- 
dence of the difference between heat and light. These 

What reason have we to sappose that there exists another princi|^ 
besides heat and light in the solar rays ? Why is the name Titfaonie riji 
suggested for tliis principle 7 
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rays are invisible to the eye, and therefore are not light ; 
they do not affect a thermometer, and therefore are not 
beat. Media which are transparent to heat are not trans- 
parent to them, and media through which light readily 
passes are perfectly opaque to them. 

The Tithonic rays are emitted, and undergo reflection, 
refraction, and polarization, precisely in the manner of 
light and heat. Unlike the latter principle, they exhibit 
no phenomenon of conduction ; the effect which they pro- 
duce does not pass £rom particle to particle, but is limited 
to that on which the light has impinged ; nor is it, as yet, 
distinctly established that they exhibit any phenomenon 
analogous to second aiy radiation. An object upon which 
rays of heat fall, as it becomes warm, radiates back again, 
but a substance on which Tithonic rays are impinging 
does not radiate in like manner. 

In the sunbeams Tithonic rays exist abundantly; I have 
also found them in the moonlight, in suflicient quantity to 
give copies of that satellite on sensitive surfaces. In 
lamplight and other artificial light, they also occur to a 
much greater extent than is commonly supposed. They 
do not effect a thermometer, because, except under pe- 
culiar circumstances, they can not produce expansion ; 
their office appears to be to arrange and group the mole- 
cules of bodies, and to bring about the substitution of one 
element for another. 

When the Tithonic rays fall upon a sensitive medium 
for a brief space of time, no change takes place in it ; 
during this time the rays are actively absorbed, but as 
soon as that preliminary absorption is over they act in a 
manner which is perfectly definite : if, for instance, it be 
a decomposition tliey are bringing about, the amount of 
decomposing effect will be precisely proportional to the 
quantity of rays absorbed. 

When a beam from any shining source causes a de- 
composing eflect, it is uniformly observed that it is itself 
disturbed; the medium which is changing impresses a 
change on the ray. Thus, a mixture of chlorine and hy- 

Are these rays visible ? Do they affect a thermometer ? Can they be 
oondacted like heat? Do they exhibit secondary radiation? Are they 
ibond in the moonbeams and artificial lights ? Do they affect the ther- 
monteter 1 The mode of action of these rays on bodies is divided into two 
it^jM, what are they ? Does the ray itseff change in bringing about these 
diai^esf 
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drogen unites under the influence of a ray, but that por- 
tion of the ray which passes through the mixture has lost 
the quality of eyer bringing about a like change ag^ain; 
the mixture is tithonized and the light detithonized. 

When a beam from any shining source falls on a 
changeable medium, a portion of it is absorbed for the 
purpose of effecting the change, and the residue is either 
reflected or transmitted, and is perfectly inert as respects 
the medium itself. 

No chemical effect can, therefore, be produced by such 
rays except they be absorbed. It is for this reason that 
water is never decomposed by the sunshine, nor oxygen 
and hydrogen made to unite ; for these substances are all 
transparent, and allow the 'rays to pass without any ab- 
sorption, and absorption is absolutely necessary before 
chemical action can ensue. 

But with chlorine the case is very different. This sub- 
stance exerts a powerful absorbent action on light ; the 
effect takes place on the more refrangible rays; when 
mixed with hydrogen and set in the light, it unites with a 
violent explosion. 

The process of the Daguerreotype depends on the action 
of the Tithonic rays. It is conducted as follows : A piece 
of silver plate is brought to a high polish by rubbing it 
with powders, such as Tripoli and rotten-stone, every care 
being taken that the surface shall be absolutely pure and 
clean, a condition obtained in various ways by different 
artists, as by the aid of alcohol, dilute nitric acid, &c. 
This plate is next exposed in a box to the vapor which 
rises from iodine at common temperatures, until it has ac- 
quired a golden yellow tarnish ; it is next exposed, in the 
camera obscura, to the images of the objects it is designed 
to copy, for a suitable space of time. On being removed 
from the instrument, nothing is visible upon it ; but on ex- 
posing it to the fumes of mercury, the images slowly evolve 
themselves. 

To prevent any farther change, the tarnished aspect of 
the plate is removed by washing the plate in a solution of 
hyposulphite of soda, and finishing the washing with wa- 
ter ; it can then be kept for any length of time. 

Does the ray andorgo absorption ? Why can not water be decomposed 
in the tantliino 1 Why do chlorine and hydrogen explode ? Describe 
the process of the Daguerreotype. Are the images visible at first 7 By 
what means are they orooght out 7 How is the picture preserved from 
farther change 1 
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Several important improvements on the original process 
have been made: Ist, by exposing the plate, after it has 
been iodized, to the vapor of bromine, or chloride of iodine, 
which gives it a wonderful sensibility ; 2d, by gilding the 
plate, after the other opei'ations are complete, by the aid 
of a mixture of hyposulphite of soda and chloride of gold ; 
this acts like a varnish, fastening the picture and giving 
it a more agreeable yellow tone. 

The art of taking portraits from the life, which has now 
become a branch of industry, was invented by me soon 
after the Daguerreotype was known in America ; at that 
time, this, which is by far the most valuable application 
of the chemical agencies of light, was looked upon in Eu- 
rope as entirely beyond the powers of this process ; but 
subsequently great improvements in it have been made. 
My memoir descriptive of the art may be seen in the Lon- 
don and Edinburgh Philosophical Magazine (September, 
1840), and the facts are also specified in the Edinburgh 
Review (January, 1843), in which the discovery is attrib- 
uted to its proper source, the author of this book. 

When a beam falls upon the surface of a Daguerreotype 
plate, it communicates to the iodide of silver a tendency 
to decomposition, but iodine is never set free because of 
the metallic silver behind. On exposing a surface dis- 
turbed in this manner to the vapors of mercury, entire 
decomposition of the iodide ensues, its silver unites with 
the mercury, forming a white amalgam, and the iodine 
corrodes the metallic silver behind. The utmost care 
must be taken in all Daguerreotype processes to haye no 
vapors of iodine, or bromine, or chlorine about the camera 
or other apparatus ; they possess the quality of effacing 
the effects of light, and the most common source of failure 
among Daguerreotype artists is due to neglecting this 
precaution. 

There are some important difficulties to which the Da- 
guerreotype is liable. For taking landscapes it is not 
available. Green and red colors impress no change upon 
it. The order of colors and light and shadow is not, there- 
fore, strictly observed. 

Mendon some of the later improvements of the process 7 In this pro- 
cess is iodine set free from the plate 7 With what does the iodine unite 
under the ii^aence of the mercurial yapor 7 Why is not the Daguerreo- 
type applicable to landscapes 7 
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There are many otber photogenic processes now known: 
several have been invented by Mr. Talbot ; among theioa 
may be mentioned the calotype. Sir J. Herschel, ak), 
has discovered very beautiful ones, and these possess die 
great advantage over Daguerre*s that they yield pictorefl 
upon paper. In minuteness of effect they can not, howev* 
er, be compared to the Daguerreotype. 



LECTURE XXIII. 

Theory of Ideal Coloration. — Imaginary Coloraium* 
— Variation in the Colors of radiant Heat as the Temper- 
ature changes. — Ideal (Joloration of natural Objects,— 
Fixed Lines in the Spectrum, — Phosphorogenic Rays,— 
Relations of the radiant Principles to the Vegetable 
World. — Spectral Impressions. 

In explaining the discoveries made by M. M elloni in 
relation to radiant heat (Lecture XV.), we had occasion 
to observe the difference between the action of glass and 
rock salt in their quality of transparency, and it was stated 
that the phenomenon is due to differences in the nature 
of the heat analogous to the different colors of light. As 
these modifications are found also in the Tithonic rays, and 
as neither these nor the rays of heat are visible to the eye, 
I have suggested the use of the term ideal or imaginaiy 
coloration, as expressing the facts we have now under 
consideration. 

By the theory of ideal coloration we mean, that as 
there are modifications of light constituting the seven 
primitive colors, red, orange, yellow, green, blue, indigo, 
and violet, so, too, there are similar modifications of Uie 
other invisible principles of the spectrum, differing from 
each other by the length of the waves which constitute 
them ; and also, that as natural bodies exhibit to our 
eyes a variety of colors, so, in the same manner, they are 
colored as respects these invisible principles, but the col- 
oration under these circumstances is different from (hese 
colorations for light. 



What is meant b^ ideal coloration ? Do natural bodies possess colora- 
tion for the other principles of the sunbeam as well as light ? Is their ool* 
or the same in these cases 7 
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To make this plain, let us take an illustration : glass 
is colorless and transparent to light, and allows any kind 
of light-ray to travei*se it with facility ; but to heat, com- 
ing from sources of a low temperature, it is wholly opaque. 
And this arises from the circumstance that the rays of heat 
which come from such a source are constituted of short 
waves, and therefore bear an analogy to violet light, 
while glass acts toward the heat as a ruddy or orange-col- 
ored medium. The reason, therefore, that this heat of 
low temperature can not go through glass is because it is 
of a violet color, while the glass is red. But as the tem- 
perature rises, calorific rays of other tints begin to be 
emitted, yellow and red successively, and these easily find 
passage through the medium. 

To the rays of heat, rock salt is a white body, glass 
orange, and alum deep red. The color of these bodies 
for heat is not the same as their color for light; and as 
the eye can not detect the phenomenon directly, we speak 
of it as imaginary or ideal coloration. 

Radiant heat undergoes polarization after the manner 
of light ; the wave mechanism is the same in both cases. 

The Tithonic rays, also, exhibit all the phenomena due 
to imaginary coloration, and they may therefore be spoken 
of as violet, yellow, green, and Tithonic rays. To them 
the various objects of nature have a peculiar coloration. 
The bromide of silver is yellowish- white as respects light, 
but black to these rays. 

As respects the fixed lines discovered in the luminous 
spectrum, as represented in Fig* 59, they also occur in 
the impressions left upon sensitive surfaces on which the 
spectrum is received, as was discovered by M. Bequerel 
and myself about the same time (1842). In this instance, 
however, they are far more numerous, and occur in groups 
of many hundreds beyond the visible limits of the violet 
ray. 

It has already been mentioned that there is associated 
with the light derived from shining sources an invisible 
principle, which causes the phosphorescence of many 
bodies. Thus, if oyster-shells be calcined with sulphur 

Wliy does glass change its traiisparency for radiant heat ? Wliat is 
the color of rock salt, alum, and glass for heat ? Can radiant heat be po- 
larized? "What is the color of bromide of silver for light rays and Ti- 
diomc rays respectively ? Can the fixed Hnes be obtained ad sensitive 
pnrfibces f Give fome instances of phosphorescent bodies. 
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and exposed to the sun, tbey sbine for a considerable tine 
after ill the dark. Nor does it require that tbe time of 
exposure should be protracted ; the flash of an electric 
spark is sufficient. But, what is very remarkable in tlw 
case, the rays which excite the phosphorescence can not 
pass through a piece of colorless glass ; to them it is quite 
opaque. The experiments of Mr. Wilson show that a 
great number of bodies not commonly supposed to be 
phosphorescent are so in reality ; that for a few moments 
after they have been exposed to the sun, they emit a phos- 
phorescent light. Thus, a sheet of writing paper, on which 
a key had been laid, having been exposed for a few mo- 
ments to the sun, on being suddenly removed to a dark 
room emitted a pale light, the shadow of the key being 
perfectly visible. Even the hand, after being dipped in 
tlio sunshine, emitted subsequently light enough to be 
visible in a dark place. 

The various principles of which we have been speak- 
ing exert no ordinary control over the phenomena of the 
natural world. Thus it is to the influence of light that 
the vegetable world owes its existence ; for plants can 
only obtain carbon from the air while the sun is shining 
on them, and it is of that carbon that their solid structures 
are chiefly formed. It has been a question to which prin- 
ciple this effect is due ; but, in 1843, 1 proved that it is 
the yellow light which is involved. Dr. Priestley discov- 
ered that the leaves of plants will effect the decomposi- 
tion of carbonic acid gas under water ; and on immersing 
tubes filled with water holding this gas in solution, and 
containing a few green leaves, I found that at the blue 
extremity of the spectrum no effect whatever took place, 
while decomposition went on rapidly in the yellow ray. 
It is light, in contradistinction to other principles, which is 
the agent producing this result, and of its colored modifi- 
cations the yellow ray is the most active. 

As connected with the minute changes of surface which 
are effected when the different radiant principles fall upon 
bodies, as in the instance of the Daguerreotype, we may 
here allude to the formation of spectral impressions ^ which, 
though invisible, may be brought out by proper processes. 

Wliat is Uie relalion of liglit to the vegetable world ? What oolor forms 
the active ray t What was Dr. Priestley's discovery ? What is meuut 
py spectral ii^pressioiui 1 
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Qae of these I described several years ago. Take a piece 
of polished metal, glass, or japanned tin, the temperature 
of which is low, and having laid upon it a wafer, coin, or 
any other such object, breathe upon the surface ; allow 
the breath entirely to disappear ; then toss the object off 
the surface and examine it minutely; no trace of any 
thing is visible, yet a spectral impression exists on that 
surface, which may be evoked by breathing upon it. A 
form resembling the object at once appears, and, what is 
very remarkable, it may be called forth many tiroes in 
succession, and even at the end of many months. Other 
instances of the kind have subsequently been described 
by M. Moser. 



LECTURE XXIV- 

BhiECTRiorrY. — First Observations in Electricity. — De- 
scription tf Electrical Machines, — T?ie Spark a Tegt of 
Electrical Excitement, — Repulsion of Electrified Bodies. 
--^Simple Means i)f Excitefnent, — Conductors and Non- 
conductors. — Insulation. — Electric Effects take place 
through Glass. — Medicated Tubes, 

It was observed, six hundred years before Christ, that 
a piece of amber, when rubbed, acquired the quality of 
attiBc^ng light bodies. This fact remained without value 
for more than two thousand years, a striking memorial of 
tlie barren nature of the philosophy of those times. With- 
in the last two hundred years it has given birth to an en- 
tire group of sciences, and established the existence of a 
great imponderable principle, which, from the Greek 
word ^XeiCTpoVy signifying amber, has taken the name 
Electricity. 

The catalogue of substances in which electric develop- 
ment can be produced was greatly increased by Gilbert, 
who showed uiat glass, resin, wax, and many other bodies, 
are equally effective as amber. To his successors we owe 
the electrical machine, an instrument which enables us 
readily to demonstrate the properties of electricity. 



aire an example. What was the fint obsexvation made in electricity 7 
Tram what doea the agent derive iti name T 

I 
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fir n. Electrical machineB are of SiSr 

ferent kind^. They may, bow- 
ever, be cli\-ided into plate and 
cvlinder machines. These instm- 
ments are respectively represent- 
ed in FtZm 71 and Fig. 72. In 
each of them there are three ^ 
tinct portions. First, a piece of 
elass, the shape of which difien 
in different cases ; in Fig. 71 it 
is a circular plate, in Fig. 72 a 
cvlinder ; and from these the in- 
struments take their name. Sec- 
ond, the rubbers, made of silk or leather, stuffed widi 

hair : the office of these is 
to press lightly on the glass 
as it turns round, and pro- 
^duce friction. Third, a 
brass body, of a cylindri- 
cal or rounded shape, bat 
with points on that portion 
of it which looks toward 
the glass. It is support- 
ed on glass props, and is 
termed the prime conduct- 
or. Some mechanism, such as a winch, is^ required to 
turn tho jrla»R on its axis ; and when it is desired to bring 
tli« inarliiiir into activity, all the parts of it having been 
mado thoroughly clean and dry by rubbinff with a piece 
of wiirm silk or flannel, a little Mosaic gold or amalgam 
of zinc l»oing spread on the rubber, as soon as the winch 
is turned tho instrument becomes excited. 

Ono of tho most striking manifestations of electrical 
devolopment is the spark ; this, which must have been 
often H(;un when tho back of the domestic cat is rubbed on 
a frosty night, was first discovered in the case of elass or 
sulphur^ by Otto Guericke, and by him referred to its 
proper source, electric excitement On presenting a brass 
Dall or tho finger to the prime conductor of the machine, 
the spark passes, attended with a slight report. It may be 

What ▼arietiet of electrical machinet have we Y What are die three 
eaaential partii of theae machines T What ia the rohber? What ia the 
crime ooikdiictor? How ia the machine excited f 




BLECTKIOAL LIGHT AND REPULSION. 






▼ery beautifully shown by pasting 'Xsr- 7». 

Binall pieces of tin foil round a glass 
tube in a spiral form, as shown in T b 

Fig, 73, abc^ distances of the twentieth of an inch inters 
vening between each piece, and the ends of the tube ter- 
minated by balls. On presenting one of these balls to the 
Srime conductor, and holding the other in the hand, as 
le spark passes, it has to leap over each interstice be- 
tween the spangles of tin foil, and exhibits a beautiful 
spiral line of light. 

By pasting the tin foil on a pane of glass in such a 
way as to direct the spark ^ 74 

properly, words may be written p 
in electric light, as shown in gJ 
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Fig. 74. 

As the electric spark can 
scarcely be confounded with any other physical phenom- 
enon whatever, its presence is always indubitable evi- 
dence of electric excitement. Thus, we can prove that 
electricity may be transferred to the human body from 
the machine, by placing a man on a ^ Fig. 75. 
stool supported by glass pillars, Fig, 
75, If he touched the prime conductor 
with one hand, sparks may be drawn 
from any part of his clothing or body. 
To Otto Guericke, who was also the 
inventor of the air pump, we owe another of the most im- 
portant discoveries in electricity : that bodies ^^^ ^q 
which have touched an excited substance are 
subsequently repelled by it ; thus, if we rub 
a glass tube, Fig, 76, a, until it becomes elec- 
trified, and then present it to a feather, ^, 
Fig. 77. suspended by a silk thread to a 
stand, c, the feather is at first at- 
tracted, and then immediately re- II 
polled. *^ 

On this principle, that under certain circum- 
stances repulsion takes place, are founded dif- 
ferent methods for ascertaining the existence 

Haw may the electric spark be exhibited 7 Why may it be ased aa a 
tett finr electric excitement? Can electricity be transferred from the 
machine to Ae body 1 What discovery did Otto Gkiericke make in elec- 
tricity f How may this property of repulsion be illustrated T 
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of electric excitement, when too feeble to caase 9 spaik. 
Thus, two light balls of cork, Fig. 77 (p. 99), a b^fOk' 
pended by linen threads' so as to hang side by side, as 
soon as they are electrified repel each other. 

It does not, however, require an electrical machine ' 
demonstrate the principles of this agent A piece of stooi 
brown paper three inches wide, and a foot long, if held 
before the fire until it is quite dry and smokes, and then 
drawn between the knee and the sleeve, becomes highly 
excited, especially if the person wears woollen clothing. 
It will yield sparks more than an inch long. 

Let a, Fig, 78, be the termination 6f the prime conduct- 
Fig. 78. or, and in a hole in it place the long 

,mS ^ h ^ brass rod b, terminated by the bra« 

■wJ ^ ball c. If the finger is approached to 

the ball, sparks freely pass, showing that along brass elec- 
tricity is conducted ; but if a glass rod of the same diam- 
eter and length, and teiminated by a brass bell, be em- 
ployed, not a solitary spark can be obtained, proving that 
glass is a non-conductor of electricity. 

The important fact that substances may be divided into 
two classes, conductors and non-conductors, was first ac- 
cidentally discovered h^ Dr. Grey, who found tiiat all 
metals and moist bodies are conductors, and that glass, 
resins, wax, sulphur, atmospheric air, are non-conducton. 
In the treatises on chemistry, tables may be found exhibit- 
ing the relations of bodies in this respect. The conduct- 
ing power of the same substance differs with circumstan- 
ces ; thus, ice and glass are non-conductors, but water and 
melted glass are conductors. 

We see, from these facts, the explanation of the struc- 
ture of the prime conductor ; the electricity derived firom 
the glass by friction passes easily along the brass portion, 
but can not escape into the earth, owing to the glass sup- 
ports, which refuse it a passage. When a body is thus 
placed upon glass, it is said to be electrically insulated, 
and the process is called insulation. 

Although electricity can not pass through glass. Sir 
Isaac Newton found that this substance is no impediment 

By what Bunple meaofl ma^ electrical experiments be made ? How 
may it be proved that brau m a condactor and glass a non-oondnotor T 
Mention some of the leading fubstances beloiiging to each of these classes 
Explain the stractore of the pr^i^e conductor. Oan eleq^c inl^^^^n^ 
past throagfa gUuM T 
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to the exertion of its influences. Thus, 
ID Fig, 79, if a be the brass ball of the 
prime conductor, any light objects, such 
88 bits of paper or fragments of cork, 
pla4:ed on a metal stand, b, beneath will 
be attracted ; and though a pane of 
glass, e, be placed between a and h, still 
uie same phenomenon takes place. 

Soon after electricity became a subject of popular at- 
tention, it was currently believed, that if medicines of va- 
rious kinds were sealed up in glass tubes, and the tubes 
electrically excited, their peculiar virtues would be exhal- 
ed in such a manner as to impress the operator with their 
specific purgative, emetic, or other powers. Like many 
of the popular delusions of our times, this imposture was 
supported by the most cogent evidence, and maladies cur- 
ed publicly all over Europe. Like them, these *^ medica- 
ted tubes" have served to prove the worthlessness of hu- 
man testimony when deiived from the prejudiced and 
ignorant 



LECTURE XXV. 

Theokt of Electrical Induction. — Two Species of 
Electricity. — Their Names. — General Law of Attraction 
and Repulsion, — Theory of Induction, — permanent Ex' 
citement hy Induction, — Takes place through Glass, — 
Illustrative Experiments, 

A VERY celebrated French electrician, Dufay, having 
caused a light, downy feather to be repelled by an excit- 
ed glass tube, intended to amuse himself by chasing it 
round the room with a piece of excited sealing-wax. To 
his surprise, instead of being repelled, the feather was at 
once attracted. On examining the cause of this more mi- 
nutely, he arrived at the conclusion that there are two 
species of electricity, the one originating when glass is 
excited, and the other from resin or wax. To these he 
gave the names of vitreous and resinous electricity, thus 

What was fixmerly meant by medicated tabes T How was it first dis- 
oorerad diat there are two species of electricity t What names hare 
bcwn giYeii to dieae electricides 7 

12 
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pointing out their origin ; they are also called, far reason 
which will be given hereafter, positive and negative elec- 
tricities. 

He found that these different electricities possess tlie 
same general physical qualities ; they are 8el^•^epul8i▼e| 
but the one is attractive of the other. This is readily 
proved by hanging a feather by a linen thread to the prime 
conductor of the machine, and, when it is excited, bringing 
near to it an excited glass tube. The feather is already 
vitreously electrified, and the tube, being in the same con- 
dition, at once repels it ; but a stick of excited sealing 
wax being resinously electrified, that is to say, in the 
opposite condition to the feather, at once attracts it. 
1 wo cork balls, as in Fig. 77, suspended by conducting 
tlireads, always repel one another when both are excited 
cither vitreously or resinously ; but if one be vitreous and 
the other resinous, they attract. 

These various results may all be grouped under the 
following general law, which includes the explanation of a 
great many electrical phenomena. Bodies electrified dis- 
similarly attract, and bodies electrified similarly repel ; or, 
more briefly, like electricities repel, and unlike ones attract. 

There are many ways in which electrical excitement 
can be developed : in the common machine it is by fric- 
tion ; in the tourmaline, a crystallized gem, by heat; and in 
other cases by chemical action and by conduction. Elec- 
trical disturbance also very often arises from induction. 

By the term electrical induction we mean that a body 
which is already excited tends to disturb the condition of 
others in its neighborhood, inducing in them an electric 
condition. 

Thus, let a, Fig. 80, be the terminal ball of the prime 
Fig' 80. conductor, and a few inches 

r\ fN off let there be placed a sec- 

a <>i h c ondary conductor, b c, of brass 

-> supported on a glass stand, and 

at each extremity, b and c, of 

the conductor, let there be ar- 

r/U ranged a pair of cork balls 



What are their physical qualities ? How may this self-repulsion and 
mutual attraction be proved 7 What is the general law of electric attrac- 
ticms and repulsions i In what ways may electric excitements be devel> 
oped ? What if the meaning of electric inductioii T (Hre an iUnatnitioiii 
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(uspeDded by linen threads, as shown in the figure. Aa 
Boon as the ball, a, is electrified by turning the machine, 
and without any spark passing from it to the secondary 
conductor, the balls will begin to diverge, showing that 
the condition of that conductor is disturbed by the neigh- 
borhood of the excited ball, a. 

It will farther be found, on presenting an excited piece 
of sealing wax to the pairs of cork balls, that one set is 
attracted, and the other repelled. They are, therefore, in 
opposite electrical states. The disturbing ball is vitre- 
ously electrified, and that end of the secondary conductor 
nearest it is resinous, the farther end being vitreous. If 
the disturbing ball, a, be now removed, the electric dis- 
turbance ceases, and the corks no longer diverge. 

These phenomena of electi-ic induction are not depend- 
ent on the shape of bodies. Let there be 
two flat circular plates, a h, Fig. 81, sup- 
ported on glass stands, and set a few inches 
apart, looking face to face. Let one of them, 
a, be electrified positively by contact with 
the prime conductor, as indicated by the 
sign + ; it immediately induces a change 11 
in the opposite plate, the nearest face of 
which becomes negative — , and the more distant, positive. 
It is evident that this disturbance is a consequence of the 
law, that "like electricities repel, and unlike ones attract." 
In the plate i, both species of electricity exist, and a be- 
ing made positive, even though at a distance, exerts its 
attractive and repulsive agencies on the electric fluid of 
hj the negative electricity of which it attracts, and draws 
near to it ; the positive it repels and drives to the farthest 
side ; so that the disturbed condition of the body ^ is a 
result of the fact, that a being electrified positively, will 
repel positive electricity and attract negative. 

Now let the plate b be touched by the finger, or a 
channel of communication opened with the earth ; the 
positive electricity of a still exerting its repulsive agency 
on that of i, will drive it into the ground, and b will now 
become negative all over. 

Let ^ be once more insulated, by breaking its commu- 

In a aecoudarj conductor distarbed by an electrified body, what are the 
oonditions of ito ends ? What is the cause of this disturbance 1 How 
may we by inductioa peimaneotly electrify a body % 
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nicatioD with the ground, and let a be renx>Yed; it wS 
now be found that b is pernianently electrified, and in the 
epposite condition to a. 
6y manipulating in this manner, \¥e can, therefi»re, fi- 
Fig. 83. feet a permanent disturbance in the coodkioD 
~ of an insulated body, by bringing- an excited one , 
in its neighborhood. 

In these changes, the intervontioD of a piece 
of glass makes no difference. Let a circular 
plate of glass, a, Fig, 82, be set so as to inter 
vene betvreen the metallic plates, a and h, and 
still all the phenomena occur as before. Elec- 
tric induction, therefore, can take place through glass. 
Fig. 83. ^ ^^® principles of induction, and of electric 
attraction and repulsion, many very infterestiDg 
experiments may be explained. Tbe^fbUowing 
may serve as examples : To the ball of the prime 
conductor, Fig, 83, let there be suspended a cir- 
cular plate of i:>rass, a, six inches in diametacv 
horizontally, and beneath it another pHLte, b, 
supported on a conducting foot, pcurallel and at a 
distance of three or four inches. On the lower 
plate, b, place slips of paper or of other light 
substance, cut into the figure of men or animals. On set- 
ting the machine in motion, so as to electrify the upper 
plate, the objects move up and down with a dancing mo- 
tion ; and the cause is obvious : the plate a being posi- 
tive, repels by induction the positive electricity of the 
figures through the conducting stand into the earth, and 
thus, they being rendered negative, are attracted by the 
upper plate ; on touching it, they become electrified posi- 
tively like it, and then are repelled, and fall down to Sis- 
Fig. 84. charge their electricity into the ground, 

^"T^ &nd this motion is continually repeated. 

^^iTj^j^i Upon a horizontal brass bar, a 3, Fig, 

84, three bells are suspended, the outer 
ones at a and b by chains, the middle 
one at <; by a silk thread. Between the 
bells, the metallic clappers, d e, are sus- 
pended by silk, and from the center bell 





Can electrical induction take place thnmgfa glass ? Describe tiie «x- 
periHkent of &e dancing figures^ and explain the principles involved in it 
]>escribe tiio experiment of the beHs^ and die csnsA of their ringiag. 
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die chain f extends to the table. On hanging the ar- 
rangement by the hook at ^ to the prime conductor, the 
bells ring ; the clappers moving from the outer to the cen- 
tral bell and back, cJtemately striking them. 

On a pivot, a. Fig. 85, suspend a bell jar having four 
pieces of tin foil pasted on its j^ ^ 

sides, bed; connect the jar, by 
means of the insulated wire y, with 
the prime conductor, so that the 
pieces of tin foil may receive 
sparks. On the opposite side ar- 
range a conductor, a;, in connection 
with the ground by a chain. On 
putting the machine into activity, 
theiar will commence rotating on its pivot. 

ifake a cake of sealing wax or gum lac, eiffht or ten 
inches in diameter, and receive on its surface a few sparks 
from the prime conductor by bringing it near the ball. 
Then blow upon its surface from a small pair of bellows, 
a mixture of flowers of sulphur and red-lead, which have 
been intimately ground together in a moitar. This mix- 
ture is of an orange color, but the moment it impinges on 
file cake it is, as it were, decomposed ; the yellow sulphur 
settling on one portion, and the red-led on another, giv- 
ing rise to very curious and fantastical figures. 




LECTURE XXVI. 

La'J^s of the Distribution of Electricity, and the 
General Theories. — Distribution of Electricity, — On 
a Sphere. — Ellipsoid. — Action of Points. — Franklin's 
Discovery of the Identity of Electricity and Liightning. 
— The Leyden Jar. — The discharging Rod, — The Elec- 
tric Battery, 

When electricity is communicated to a conducting body, 
it does not distribute itself uniformly through the whole 
mass, but exclusively upon the surface ; thus, if to the 

Xzplain tiie anrangement and cause of movement of the rotatory jar. 
How may powder of inlphiir and red-lead mixed together be aepara^ed 7 
Does fllMtoknty distribate itself on the surfiMse or in Um intaAac c£\»^q.%\ 
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Franklin'» theory m, tfaaC there exists thrcmghoot aU 
ipace a subtle and exceedingly elastic fluid, called the 
electric fluid, the peculiarity of which is, that it is repuls- 
ive of its own particles, but attractive of the particles of 
ether matter; that there is a specific quantity of tkis 
laid which bodies are disposed to assisine when in a nat^ 
ural condition or state of equilibrium; and that, if we com- 
municate to them more than their natural quantity, they 
become positively electrified ; or, if we take from a poitioa 
of that which is natural to them, tbey become negatively 
electrified. 

Dufay's theory is, that there exists throaghoQt all space 
a universal medium, called the electric fluid, of which 
the immediate properties are unknown, but which is com* 
posed of two species or varieties of electricity, the vitreous 
and resinous, called also the positive and ne^tive ; that, 
as respects itself, each of these electricities is repulsive, 
but attractive of the other kind ; and that, when they co- 
exist in equal quantities in a body, it is in a neutral state 
or condition of equilibrium, but if the positive or negative 
electricities are in excess, it is accordingly positively or 
negatively electrified. 

In some respects the theory of two electricities has ad* 
vantages over that of one; by it several phenomena can be 
explained which are difficult of explanation by the other. 
Among such may be mentioned the repulsion of negatively 
electrified bodies, and the distribution of negative elec- 
tricity on the surface of conductors, which is the same as 
that of positive. 

On the principles of either of these theories we can 
see how it is that we can never produce one kind of elec- 
tricity without the other simultaneously appearing. In 
the common electrical machine, if the revolving glass is 
positively electrified, the rubbers which produce the fric- 
tion are negative ; in the tourmaline, if one end of the 
crystal, when warmed, becomes positive, the other end is 
negative. The two varieties must be always co-ordinately 
generated. 

In 1745 the Leyden jar was discovered. This consists 
of a glass jar. Fig, 89, coated on its inside with a piece 

What is Franklin's theory 7 What is the theory of Dofay 7 In what 
pointB does the latter sppear to be more correct tlian the (bnaer 7 Why 
are botii electricities always produced together? 



! LBTDIM lAK. 



IM 




of da ftril within an inch or two of its apper "w ■ ••■ 
6d^, and also on iu outside to the H&me point ; 
throagh the cork which closes the month of 
the jar, a braas rod, terminated by a ball, 
paaaes ; the rod reaches down to the inside 
coating and touches it. On holding this in- 
strument by the exterior coating, and pre- 
senting its ball to the prime conductor, a tor- 
rent of sparks passes into the jar ; and when | 
It id fully charged, if, still retaining one hand ~ 
m contact with the outaidej we touch the ball, a bright 
spBrk passes, with a loud snapping noise, and the operator 
receives through his anna and breast what is called the 
electric shock. 

If WBtaketbedischargingrod.ii'i^.gO, consisting j^ g^ 
of two brass arms, a a, terminated by balls working 
OD a joint, i, and supported by an insulating handle, f 
c, by bringing one of its balls in contact with the ' 
outside coating of a Leyden jar, and its other ball 
with the ball of the jar, the discharge will take placi 
aa before, but the operator, protected by the gias 
handle, receives no shock. 

If between the outside coating of a jar and one r 
the balls of the discharging rod, a piece of card 
board is made to intervene, and the spark paseec 
thecard will be found to be perforated, a burr being raised 



on both sides of it, as though 
through the hole in opposite di- 
rectiooB at the same time ; and 
ftom tbb an argument in favor 
of the theory of two floids has 

When a great number of jars 
are connected together, so that 
all their inside coatings unite, 
and all their outside coatings are 
alAo in contact, they constitute 
what is termed an electric bat- 
tery, as seen in J^. 91. By this 



threads had been drawn 




DaKrib* die diidiari 



e Leydon jw. How ni«y ii 
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instrument many of the more violent effects of electricitj 
may be illustrated, such as the splitting of pieces of wood 
and the ignition and dispersion of metallic wires. 



LECTURE XXVII. 

Electrical Instruments and Faraday's Theory of 

Electric Polarization. — Theory of the Leyden Jar, 

— Quadrant, Gold-leaf, and Torsion ElectroTneters, — 

Theory of Electric Polarization, — Specific InduUivt 

Capacity, 

The office which is discharged by the metallic coatings 
fig, 92. of a Ley den jar is illustrated by the apparatus, 
Fig. 92. It consists of a conical glass jar, to 
the interior and exterior of which movable coat- 
ings of thick tin plate are adapted, the interior 
one having a rod and ball projecting from it. 
This may be charged like any other Leyden vial, 
but on taking oflf its outside coating and remov- 
ing its interior, they may be handled and 
brought in contact with each other, and no spark 
passes ; but on restoring them to their former position, 
and applying the discharging rod, the jar is discharged. 
They therefore only serve to make a complete conducting 
communication between all parts on the interior and afl 
on the exterior of the jar. 

The condensing action of the Leyden vial, which ena- 
bles it to hold so large a quantity of electricity, is due to 
induction. When the inner coating is brought in contact 
with the prime conductor, it participates in its electrical 
condition. We may therefore suppose it to be positively 
electrified. The positive electricity of the interior, de- 
composing the electric fluid of the outside coating, repels 
its positive electricity into the earth ; for to charge a Ley- 
den vial the outside coating is placed in communication 
with the ground. It therefore appears that the inner coat- 
ing is positive, the outer negative, and the whole jar, view- 




What is the office of the coatings of the Leyden jar? How may this 
he proved? To what caase is the condensing action of the Leyden jar 
dae ? What is the action of the positive electnci^ deposited on Oie ioner 
coating, on the electric flaid of the outer ? 
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«d together, is in the neutral condition. The interior 
coating continues, under these circumstances, to receive a 
farther charge from the prime conductor by induction 
through the glass ; this again repels more of the same 
kind, the positive, inlo the ground, and the negative accu- 
mulates as before. In this manner an indefinite quantity 
might be accumulated, were it not for the fact that, owing 
to the distance which intervenes between the two coatings, 
by reason of the thickness of the glass, the quantity of 
positive electricity in the interior is never precisely neu- 
tralized by the quantity of negative on the exterior, for 
all inductive actions enfeeble as the distance increases. 

The action of the Leyden vial may be illustrated by the 
following experiments : within an Ft^. 93. 

inch of the ball, a, of the prime con- 
ductor, Fig. 93, bring a secondary 
conductor, 6, supported on an insu- 
lating stem, c, and on putting the 
electrical machine in activity, two 
or three sparks will pass from a to 
b, but after that no more. The cause of the refusal, on the 
part of the secondary conductor, to receive any farther 
charge is obviously due to the fact that the electricity 
which is already communicated to it repels that upon the 
ball, a, and prevents the passage of any more. 

If now we take a Leyden jar, i, Fig, 94, and having 
insulated it on a stand, bring it within a 
short distance of the ball, a, of the prime 
conductor, it in the same manner will 
only receive a few sparks. But if we 
place a conductor, c, which is connected 
with the ground, near to the outside coat- 
ing, it will be found that for every spark 
that passes between a and b one passes 
between the outside coating and c, and 
the sparks follow each other in rapid suc- 
cession, until the jar becomes fully charged. From this, 
therefore, we gather, that while positive electricity is 

Why must the outer coating he in connection with the ground ? Why in 
the cha«^e of the jar limited? What is the reason that a secondary insu- 
lated conductor refuses to receive more than two or tbree sjiparks ? When 
the Leyden jar is insulated, can it be charged ? On hringmg a conduct- 
or in oonDCCtion witi^ tiie ground, near tiie outer coating, what is the 
result? 
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lis 

passing into the interior of the jar, it is escaping irom dn 
exterior, an<l that tha reaann the jar contleuies is becuiM 
ita lidea are in opposite cotidiiiona, the poaitive electrici- 
tr of the interior oeing necirly neutralized hj the Dega- 
tivo electricity of the exterior. 



j^, gj, Slectrometeia are instruinentB lor DteaBoriDg 
the intensity of electric excitement. The coii 
balls, which were represented in Fig. 77, are one 
of the moat simple of these contrivances, Tbe 
distance to which they will diverge is a rough 
measure of the intensity of the electric fane. 
The quadrant electrometer depends essentially 
on the same principles. It consists of an up- 
right stem of wood. Fig. 95, to which ia affixed 
a semicircular piece of ivory, from tha center 
of which there hangs a light cork ball plajing 
upon a pivot. When this instrument is placed on the 
prime conductor or other electrified body, the stem par- 
ticipates in the electricity, and repelling the cork ball 
which hangs in contact with it, the amount of repulnon 
may he read off on tho graduated semicircle ; but it is 
obvious that the number of degrees is not expreesive of 
the true electrical intensity, and that no force, no matter 
what its intensity may be, can ever repel tho ball beyond 
ninety degrees. 

;■■,- M. The gold-leaf electrometer. Fig. 96, 

^onsista of a glass cylinder, a, in which 
two gold leaves are suspended jrom a 
conducting rod terminated by a ball or 
plate b. On the glass opposite the leaves 
pieces of tin foil are pasted, lo that when 
1^^ the leaves diverge fully they may dis- 
f ciiarge their electricity into tbe ground. 
■ This is a very delicate instrument for 
; the presence of electricity, but the tnTsioa 
electrometer of Coulomb is to be preferred when it is re- 
quired lo have exact measures of the quantity. 

Coulomb's electrometer consists of a glass cylinder, a. 
Fig. 97, upon the top of which there is fixed a tube, b, 
in the axis of which hangs a glass thread, h a, to the 

Dflicriba the oork ball electromBter. Deicribo tJie qundnnt fllecttoma- 
ter. V^by does tlis qiudreiU elecEragMWr giie iaaoconM indicuioiu I Da- 
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Fig. 97. 




lower end of which a small bar of gum lac, e, with a 
gilt pith ball at each extremity, is fasten- 
ed. Through an apeiture in the top of 
the glass cylinder, another gum lac rod, 
d^ with g^lt balls, may be introduced. 
This goes under the name of the carrier 
rod. 

If, now, the lower ball of the carrier 
xod be charged with the electricity to be 
measured, and introduced into the inte- 
rior of the cylinder, as seen in the figure, 
it will repel the movable ball. By taking 
hold of-the button b^ to which the upper 
end of the glass thread, a, is attached, 
we may, by twisting the glass thread for- 
ciblT, bring the carrier ball and the mova- 
ble ball in contact The number of degrees tlirough which 
the thread requires to be twisted represents the amount of 
electricity. To the button, b, an index and scale are attach- 
ed, not shown in the figure. By this we can tell the num- 
ber of degrees of twist or torsion which have been given 
to the thread. These angles of torsion are exactly pro- 
portional to the quantities of electricity. 

Many of the fundamental phenomena of electricity have 
been explained by Dr. Faraday upon the hypothesis that 
induction is an action of polarization, taking place in the 
contiguous molecules of non-conducting media, and prop- 
agated in curved lines. 

Whatever may be the form or constitution of bodies, 
an electric charve can not be given to them without at 
the same time giving a charge of the opposite kind, but 
of the same amount, to them or other bodies in their vicini- 
ty. This charge is not confined upon their surfaces by 
the pressure of the atmosphere, but through the polariza- 
tion of the aerial or solid particles of the surrounding 
dielectrics, producing in them a charge of the same 
amount, but of an opposite kind. Thus, if a positively 
electrified ball be placed in the center of a hollow metal- 
fie Sphere, the intervening space being filled with atmos- 
pheric air, the charge is not retained upon the ball by the 

What is the baiU of Faraday's theory of indaction? On thi> theory, 
tie chams oonfined by preuare of the airl Detct&e iSda vcKAOiacR. vx 
electriflea bcU in Cbe iateriorofa. sphere. 

K2 



114 Faraday's tueokt of folarization. 

pressure of the air, but because each aerial particle aa- 
sumes by induction a polarity of the opposite kind on the 
side nearest to the ball, and of the same kind on the side 
faithcst off. This state of force is therefore communicft- 
ted to the inteiior of the hollow sphere, which is electrified 
to tlie same amount, but of an opposite kind to the ball 
That this polarization of the particles takes place, is 
shown by the position which small silk fibres or spangles 
of gold assume when placed in oil of turpentine, dirougfa 
which induction is established. Each particle disturbs 
not merely that which is before it or behind it, but it is in 
an active relation with all surrounding it, and hence the 
polarity can be propagated in curved lines, and induction 
take place round corners and behind obstacles. 

On these principles, we can easily account for the dis- 
tribution of electricity on spherical or ellipsoidal conduct- 
ors, the repulsion of bodies similarly electrified, the con- 
densing action of the Ley den vial, and many other similar 
phenomena. 

By a variety of experiments. Dr. Faraday has proved 
that inductive action takes place in cuiTed lines, the di- 
rections of which can bo varied by the approach of bodies. 
He has also shown that the particles of solids, as gum lac, 
glass, &c., assume this character of polarity. Non-con- 
ducting bodies, through which the action of induction 
Fig. 06. takes place, are called dielectrics ^ and each 
a h c ^^ them has a specific inductive capacity. 
Thus, if three metallic plates, a b c, Fig. 
98, be insulated parallel to each other, at- 
mospheric air interveuii^ between a and h, 
and a plate of gum lac between b and c, the 
inductive action of the gum lac will be 
found to exceed that of &.e air. The fol- 
lowing table gives some of these results : 

Indactive capacity of air 1*00 

" " glass 1-76 

" " lac 2*00 

" " sulphur 2-24 

All the gases have the same inductive capacity, whatever 

Doe? induction take place in straight or curved lines? Can the parti- 
cles of <. lid bodies be polarized ? What are dielectrics ? Wliat is 
meant by imh specific inductive capacity of (Uelectrics 7 Of air, glass, and 
sulphur. Vk li.it. are the inductive capacities f What is the case with gas- 
eous bodies .' 
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tlieir density, elasticity, temperature, or hygrometric con- 
dition may be. 

The electrophorus is an instrument which depends for 
its action on induction, and is of frequent use in chemis- 
tzy. It consists of a cake of gum lac or Fig. 09. 

sealing wax, &, Fi^, 99, on which is placed 
a flat metallic plate, a, with an insulating 
handle, c. On exciting b with a piece of 
warm flannel, it becomes negatively elec- 
tric, and a being placed on it, and the 
finger brought near, a negative spark, 
driyen from a by the repulsive influence of h, is received. 
On lifting a by its insulating handle, a positive spark is 
obtained ; on putting it down on 5, a negative one. And 
in this manner we may obtain an unlimited number of 
sparks; positive ones when a is lifted, and negative ones 
when it is dovni. A little reflection will show that none 
of this electricity comes from the excited cake ^, but is 
merely the effect of its inductive influence on the electric 
condition of the metallic plate, a. The eiectrophoiiis may 
be used when the weather is too damp for the common 
machine to work. 




LECTURE XXVIII. 

Voltaic Electricity. — Of Electricity in Motion. — Sul- 
zer^s Experiment, — Galvanfs Discovery. — VoIta*s The- 
ory. — Water is a compound Body. — Description of a 
simple Voltaic Circle and its Properties. — Direction of 
the Current. — Different Kinds of Combinations. — Use of 
Sulphuric Acid. — Origin of the Electricity, 

During the last century, a German author of the name 
of Sulzer observed, that when two pieces of metal of dif- 
ferent kinds, as silver and zinc, are placed one above and 
the other beneath the tongue, as often as their projecting 
ends are brought in contact a remarkable metallic taste is 
perceived. To explain this result, he supposed that some 
kind of vibratory movement was excited m the nerves of 
the tongue. It is the first recorded pnenomenon attributa- 
ble to Voltaic electricity. 

Describe the electrophonu 7 What fact wai first described in Yoltaio 
electricity f 
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In the year 1790, Galvani, an Italian anatomiBt, obsen' 
ed the contracciona which enatie when a tnetalllc cominii- 
nicatinn ia made between the nerves and muscles o( » 
dead frog'; he found, that if a single metal is employed u 
the line of communication, contractions of the muscle take 
place whenever the metal reaches from the nerve to lite 
miucle ; but that if two piecM 
of different kinds are used, the 
contractions are much more 
ergetic. Thus, if we take 
' the skinned hind legs of afrog, 
Fig. 100, hanging together by 
•^ ™» m,Ti;;:r- * piece of the spine, arci™! 

""^'S Jk ^*- which tin foil has been twist- 

ed, every time that we simul- 
taneouBlytoucbthetin foil and 
the muscle with a bent copper wire, ur with a copper and 
zinc wire, C Z, conjointly, a convulsive contraction takes 
place. 

To explain this effect, Galvani supposed that the mua- 
cular system of animals is constantly m a positively elec- 
trical stale, while the nervous system is negative. In the 
same manner, therefore, that a discharge takes place in 
the case of a Leyden vial, when a line of communication 
is opened between the two coatings, the muscular con- 
tractions in this case are to be accounted for. For some 
time these phenomena went under the name of animsl 
eleptricity i they subsequently have received the designa- 
tions of Galvanism and Voltaic electricity. 

But Volta, another Italian philosopher, was led to sup- 
pose that the cause of this remarkable result is not due to 
any peculiarity of the animal system, but to the contact 
of the pieces of metal employed. This led to the inven- 
tion of the Voltaic pile, an instrument which has achieved 
a complete revolution in chemistry. 

It is interesting to remark what great results may, in 
the hands of a true philosopher, spring from the most in- 
signiGcant observations. The convulsive spasms of a 
frog's leg have ended in showing that the entire crust of 
the earth b made up of metallic oxides, have revealed the 
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mystery wby tbe magnetic needle points to the north, 
and revolutionized the science of chemistry. 

What we have already said in the foregoing Lectures 
respecting electricity refers chiefly to that agent in a mo- 
nonless or stagnant state, as the mode of its distribution 
on conductors, the action of the Leyden vial, &c. The 
phenomena of Voltaic electricity are those which arise 
firom electricity in a state of motion. 

From the great advances which these sciences have re- 
cently made, we are able to present the various topics in- 
pTolved in a much clearer way than by merely tracing 
tiiem in a historical sketch. I shall not, therefore, pur- 
sue the order in which these facts were successively dis- 
covered, but present them in what now appears the sim- 
plest manner. 

It is to be admitted, though of that abundant proof 
will soon be given, that water is not a simple, but a com- 
pound body ; that it consists of two elements, oxygen and 
nydrogen gases. It is also to be understood that metallic 
amc may be amalgamated or united with quicksilver, by 
putting It in contact with that fluid metal, under the sur- 
tkce of dilute sulphuric acid. Strips of zinc thus amalga- 
mated exhibit a pure metallic brilliancy. 

If, now, we take a strip of amalgamated zinc, an inch 
wide and three or four inches long, and a piece p^ jq^ 
of clean copper of similar size, z and c, Fig, 
101, and placing them side by side in a glass, J] 
containing water slightly acidulated with sul- 
phuric acid, we have one of the forms of a sim- 
ple Voltaic circle. In this, it is to be observed, 
that so long as the metallic plates remain with- 
out touching each other, no remarkable phe- 
nomenon appears ; but if we take a metallic rod, d, and 
let it connect the top of the zinc and copper together, a 
series of new facts arises. 

First, from the surface of the copper, bubbles of gas are 
evolved ; they are minute, but so numerous as to make 
the water turbid ; if collected, they are found to be hydro- 
gen gas. 

What is tilie diffisrence between common and Voltaic electricity 7 Is 
water a simple or a compoond body 1 What is meant by amalgamated 
sfaoof Describe a simple Voltaic circle. As long as the plates are not in 
OGntact, does any phenomenon take place t On commonioatiug by a- me- 
tallic rod, what gas is evolved from the copper 1 
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Secondly, the plate of zinc rapidly wafltes away, as is 
easily proved by weighing it from time to time ; and on 
examining the liquid in the cup, we discoTer the cause of 
this waste, for that liquid contains oxide of zinc ; coupling 
this fact with the former, we infer that, so long as the me- 
tallic rod, d, is in its place, water is decomposed, its oxy- 
genuniting with the zinc, its hydrogen escaping from the 
copper. On removing the rod, J, all these phencHnena at 
once cease. 

Thirdly, if, instead of a metallic rod, <2, a rod of glaflB, 
or other non-conductor of electricity, be employed, no de- 
composition takes place. This, therefore, indicates tbat 
the agent which is in operation is electricity. 

Fourthly, if for the line of communication, d^ a piece 
of metal be employed, and we cautiously lifl it from the 
zinc or copper plate, the moment the contact is brotoi 
in a dark room we see a minute electric spark. It has 
been already observed that the electric spark can not be 
confounded with any other natural phenomenon. 

Fifthly, if the line of communication be a very slender 
platinum wire, as long as it remains in its position, its tem- 
perature rises so high that it becomes red hot, and may be 
kept so for hours together. Now, recollecting that the 
ignition and fusion of metals take place when they are 
made to intervene between the coatings of a Leyden vial, 
and considering all the facts which have just been set 
forth, we see that the following conclusion may be drawn: 
that in an active simple Voltaic circle water is decom- 
posed, its oxygen going to the zinc and its hydrogen to 
the copper, and that a continuous current of electricity 
accompanies this decomposition, running frx)m one m€^ 
to the other, through the connecting rod. 

The direction of this current may be determined by 
several processes; it is as follows: the electricity, leaving 
the surface of the zinc, passes through the liquid to the 
copper, then moves through the connecting wire back 
again to the zinc, performing a complete circuit; hence 
the term Voltaic circle. 

Simple Voltaic circles are of several kinds ; that which 

What happens to the aioc? Why do we infer that water ib decom- 
posed ? If a glass rod is used instead of a metaUic one, what is the resaltf 
How can a spark he made visible? Can a platinum wire be ignited? 
ITrom these facts, what conclosions may be drawn 7 What is the course 
of the carrent T 
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"we have been considering consists of two different metals 
^th one intervening liquid, but similar results can be ob- 
tained with one piece of metal and two different liquids. 

In the foregoing experiment, we have used dilute sul- 
phuric acid: this acid discharges a subsidiary duty. Zinc, 
when it oxidizes, is covered with a coating impermeable 
to water and air ; it is this grayish oxide which protects 
the common sheet zinc of commerce from farther change. 
When, therefore, a Voltaic pair gives rise to a current by 
the oxidation of its zinc, that current would speedily stop 
were not the oxide removed as fast as it forms ; this is 
done by the sulphuric acid, which forms witli it a sul- 
phate of zinc, a substance very soluble in water, and the 
metal thus continually presents a clear surface to the water. 

As to the immediate cause which gives rise to the Vol- 
taic current, there has been a difference of opinion among 
chemical authors. Volta believed that the mere contact 
of the metals was the electromotive source, and endeav- 
ored to prove, by direct experiment, that if a piece of 
copper and zinc are brought in contact and then sepa- 
rated, they become excited, the one positively, and the 
other negatively ; upon these principles, he was led to the 
discovery of the Voltaic battery. But many facts have 
now indisputably shown that the origin of the current is 
to be sought in the chemical changes going on ; and in 
the instance we have had under consideration, it is due 
to tBe decomposition of water. That the electromotive 
action does not depend on the contact of the metals, seems 
to be proved by the fact that, by changing the nature of 
the liquid intervening between them, we can change the 
current both in direction and force. 

What odier kinds of Voltaic circles are there ? What is the use of 
milphiuic acid in these combinations ? What was Volta's opinion as to 
tiie electromotiTe soarce t What is the view now taken 7 W hat arga- 
ments may be adduced for its correctness 7 
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LECTURE XXIX 

Effects of Voltaic ELECTRioiTYd — Inventum qftht Vd* 
taic File, — Crutckshank*s Trough. — Hare's BaUery^^ 
Smee*s Simple and Compound Battery. — Grove^i BotU^ 
ry, — Voltaic Effects, the Spark, Deflagration of MiidL 
— Ignition of Wires. — Arc of Flame. — Decampctiiim 
of Water. — Nature of the Gases evolved. 

It has been already observed that, in the discoBOOiii 
which arose respecting animal electricity, Volta attributsd 
the action entirely to the metals employed ; and reasomi^ 
on this principle, he concluded that the effect ought to in- 
crease, if, instead of using a simple pair of metals, a great » 
number of alternations were employed. Accordingfy,ion 
taking thirty or forty silver coins and discs of zinc, and 
pieces of cloth moistened with acidulated virater, of the 
Fig, 103. same size, and arranging them in a pile or 
column, carefully observing to place them in 
the same order, silver, cloth, zinc — silver, 
cloth, zinc, &c., he found his expectation yer 
ified. On touching, with moistened hande, 
the ends of the pile, a shock was at once re- 
=1 ceived, and on making them commuineate 
by a piece of wire, an electric spark passed. This instni- 
ment, Fig, 102, is the Voltaic pile. 

From the important uses to which the pile was soon 
devoted, it became necessary to have it imder a more con- 
venient form. There are several inconveniences attend- 
ing the original construction : it is liable to ovenet, ie 
troublesome to put in action, and requires to be taken to 
pieces and carefully cleaned every time it is used ; its 
maximum effect lasts but a short time, owing to the weight 
of the superincumbent column pressing out the moisture 
from the lower pieces of cloth ; and as soon as they become 
dry, all action ceases. 

These difficulties were avoided, to a great extent, in the 
trough battery, which soon replaced the former instru- 
ment. It consists of a box, or trough, Fig. 103, three or 

How was Volta led to the invention of the pile 7 Describe the Voltaic 
pile ? What are its ejects ? What inooQyeniences are there in the 
original fonn ? 
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four inches square at 
the ends, and a foot or 
mors loni 




pieces ' 

per, soldered face to face, are iastened, water tight, by 
f emeut. These grooves are about half an inch apart, and 
into their interBticea acidulated water is poured, care be- 
ini; taken that the metals are arranged in the same direc- 
tion, M> that if the seriea begins with a copper plate it 
endi with a zinc. The apparatus is obviously equivalent 
to Volta's pile laid on its aide, and the facility for charg- 
ing it, and removing the acid when the experiments are 
over, is very great. From the extremities two flexible 
copp«r wires pass; they are called the polar wires, or elec 
trude* of the t>aitery. 

' Soma very . convenient forms of Voltaic battery have 
been invented by Dr. Hate. In one of these, the liquid 
is pouted off and on the plates by a quarter revolution of 
a nandle ; in others, the trough is made movable, so that 
it lifts up whoa all the arrangements are ready, and the 
pUtes are immersed. 

When it is required to have a current, the n, mi 
intmsity of which remains constant for a length 
of time, Daniell's battery is to be preferred. 
It consists of a copper cylinder, C, Pig. 104, 
in which a solution of sulphate of copper is 
poured j within this is a second cylinder, P, of ^ 
poroua earthen-ware, filled with dilute sul- 
phuric acid. A, into which an amalgamated I 
xtnc rod, Z, dips. From the copper and zinc, r 
rods project, terminated by binding screws, 
with which the polar wires may be connected. 

Smee's battery is also a very valuable com- I 
lunation; it consists of a plate of platinized * 
diver, or platinized platinum, S, Fig. 106, on each aide 
of which are placed parallel plates of amalgamated zinc, 
% ; thew platea are held tightly against a plea* of wood. 
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IB, by meaiia of a clamp, i, to which, ani 
bIbo to tlie silver plate, binding Bcrewi, 
for the purpose of fastening polar wires, 
are affixed. The whole is Buspendod, 
by means of a cross piece of wood, m S 
jar containing dilute sulphuric acid. 

Smee'a compound battery, represent- 
ed in Fig. 106, is nothing niore than t 
series of the foregoing simple circlu. 
The figure shows one containing sii 
cells ; Hie position of the platinized ail- 
var and zinc pl^es of one of the pain 
is seen at S and Z. It ia to be chuged 
ilpfauric acid. 

Ftf.lM. 




Probably the most powerful of till Voltaic combioa- 
rif.iOT. tions is tha instrument invented by Mr. Grave. 
It consists of two metals and two liquids, amal- 
gamated zinc and platina, dilute sulphuric acid 
and strong nitric acid. A jar, P, Fig. 107, three 
quarters of an inch in diameter, and made of 
porous or unglazed eailhen-ware, is to be fillei 
ivith strong nitric acid, N, and in it a slip of pla- 
ina is placed ; this poi'ous earthen-ware cup it 
then set in a glass cup. A, nearly three inches in 
neter ; in this is placed a plate of sine, Z, oae 
eighth of an inch thick, and of such a also, as 
pects its other dimensions, that it will readily 
pass between the porous cup, P, and the glaw. 
In the glass. A, is placed dilute sulphuric ^id. 

In this manner several cups are to be provided, the af> 
rangement being, zinc in contact with dilute sulphurio 
acid, and platina in cootaot with strong nitric acid, with a 
porous cup intervening betw«en. The workman iho 
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previouBlj connects each zinc cylinder with the slip of 
platina, which is in the next cup, hy soldering hetween 
them a strip of copper. 

Grove's battery owes its force to the decomposition of 
water by zinc. But the hydrogen is not evolved from the 
surface of the platina, as it would be in a single circle ; 
it is here taken up by the nitric acid, which undergoes 
rapid deoxidation, and therefore, during the use of this 
battery, volumes of deutoxide of nitrogen are evolved. 
A battery of fifty cups gives rise to very striking effects ; 
but five or ten are quite sufiicient to repeat all the follow- 
ing experiments. 

On separating the polar wires of such a battery from 
each other, a brilliant spark passes, and, if the separation 
be gradual, a flame constantly proceeds from one to the 
other ; the light of which, when the wires are of copper, 
is of a beautiful green color. 

I( on the surface of some quicksilver r^. los. 

contained in a glass, Fig. 108, we low- 
er a thin piece of steel, or iron wire, 
connected with one of the poles of the 
battery, the mercury being kept in con- 
tact with the other, the steel takes fire 
and deflagrates beautifully, emitting 
bright sparks, and the mercury is rap- 
idly volatilized. 

When thin metal leaves are made to intervene between 
the' polar wires, they are at once dissipated, the flames 
they emit being of diflerent colors in the case of diflerent 
metals. 

If a piece of platinum wire is made the channel of 
communication from one pole to the other, if it does not 
fuse at once, it becomes incandescent, and remains so as 
long as the instrument is in activity. 

When the polar wires are terminated by pieces of well- 
burned charcoal, or that variety of carbon which is formed 
in the interior of gas retorts, the light which passes between 
them when they are removed from contact is one of the 

ViTbat are the* chemical effects taking place in Grove's battery 1 On 
■eparating the p<^r wires of a battery, what phenomenon arises ? How 
may inm wire oe deflagrated ? What phenomenon is seen daring the 
denagratioii of metallic leaves ? When a thin platinum wire commnnicatea 
between the «4ea, what is the restdt f How is the arc of light formed, 
and what are its properties 7 
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most brilliant that can be obtained by any artificial means. 
With powerful batteries, the pieces of charcoal may be sep- 
j^^. iw. arated several inches apart without the 

^^^^«ia^^^^^ light ceasing, and then it moves from 
^^^^ ^^^^B one to the other polo in an arched form, 
Fig, 109, the convexity of the arc being upward. This 
form is due to the current of hot air which rises from the 
ignited space between the poles, and the light may be 
blown out by the mouth, just in the same manner that we 
blow out a candle. 

But, in a scientific point of view, by far the most inter- 
esting experiment to be made with the Voltaic battery is 
Tig. 110. the decomposition of water. Throu^ 

the bottom of a glass vase, or dish, at 
the point a h^ Fig. 110, two platinum 
wires are introduced, water-tight ; they 
pass into the vase, as a c, ^ J, parallel 
to each other, but not touching. Over 
each of these wires a tube is to be in- 
verted ; the tube e over c, andy over d, 
the vase and the tubes being previous- 
ly filled with water acidulated slightly, to improve its 
conducting power. Now let the wire a c be connected 
with the positive pole of the Voltaic battery, and b d with 
the negative ; bubbles of gas in a torrent arise from their 
extremities, and pass upward in the tubes, displacing the 
water. The quantity of gas thus collecting m the two 
tubes is unequal, and whenever we stop the decomposi- 
tion there will be found iny double the quantity which is 
in e. When a sufficient amount is collected, let the tube 
«, containing the smaller portion of gas, be cautiously re- 
moved, preventing any atmospheric air from getting into 
its interior, by closing it with the finger, and then, turning 
the tube upside down, let a stick of wood, with a spark 
of fire on its extremity, be immersed in the gas. In a 
moment the wood bursts into a flame, proving that this is 
oxygen gas. Then take the other tube, and allow to pass 
into it a quantity of atmospheric air equal to the volume 
of gas it already holds ; remove the finger and apply a 
light, and there is an explosion. But this is the property 

Describe the process for the decomposition of water. What is the rel* 
ative proportion of the gases collected 7 How can it be proved that the 
less quantity is oxygen and the larger hydrogen 1 
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of hydrogen gas. We therefore conclude that in this ex- 
periment water has been decomposed and resolved into 
Its constituent ingredients, oxygen and hydrogen ; and, 
farther, that in water there is, by vol- j^- m 

ume, twice as much hydrogen as there 
is oxygen gas. The separation of the 
two is perfect, so much so that the de- 
composition may be conducted in differ- 
ent vessels. Thus, let N and P be tubes, 
through the closed upper ends of which 
platinum wires pass ; invert them in 
glajves of water, with a siphon of large 
bore connecting them. . On making N 
communicate with the negative, and P with the positive 
pole, decomposition ensues, hydrogen gas accumulating in 
jKT, and oxygen in P. 




LECTURE XXX. 

The Electro -chemical Theory. — Theory of ike Decom- 
position of Water, — Decompontion of Metallic and other 
Salts, — BecquereVs Illustration of the Forrnation ofMin- 
eral$, — Davy* 8 Discoveries, — Electro-chemical Theory, — 
Electrolytes, — Faraday* s Theory of definite Action, — 
T%e Electrotype, 

The prominent fact connected with the decomposition 
of water is the total separation of the constituent elements 
on the opposite polar wires or electrodes. From the 
positive wire oxygen alone escapes, and from the nega- 
tive hydrogen; there is no partial admixture, but the 
separation is perfect and complete. 

Though the polar wires may be separated from each 
other by a considerable distance, the same result is uni- 
formly obtained, and it is to be remarked that the evolu- 
tion of gas takes place on the wires alone ; no intervening 
bubbles make their appearance in the intermediate space. 
The principle on which this is effected may be easily under- 



What is the oooBtitation of water by volame ? Do these polar decom- 
poaitioiui eSect a total ieparation of the bodies ? In the decomposition of 
water, do any gas bubbles appear in the intervening space? 

L 2 
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Stood, by suppofiiDg H H and O O, Fig^ IIS, to represent 
Fig. \i%. atoms of hydrogen and oxygen reRpect- 

TO ively ; each pair of them, therefore, rep- 
H resents a particle of water. Now, if we 
^ slide the upper row of atoms upon the 
^^ lower, as shown at A A, o o, it is obvious 
that a hydrogen atom will be set free at 



o 



K 



one extremity of the line, and an oxygen atom at the oth- 
er, and that, as respects all the intermediate pairs of atoms, 
though they have changed their places, yet every particle 
of hydrogen is still associated with a particle of oxygen, 
constituting, therefore, a particle of water ; and it is at the 
extremes of the line alone that the gases are set free. So 
in the polar decomposition by the pile, all the liquid in- 
tervening between the poles is affected, decompositions 
and recombinations successively taking place, the- hydro- 
gen atoms moving in one direction, the oxygen in the 
other, finally to be set free on the surface of the polar 
wires. 

This capital discovery of the decomposition of water 
by Voltaic electricity was originally made by Nicholson 
and Cariyle. It is by far the most satisfactory method of 
demonstrating the constitution of that liquid. After it 
was made knovni, any lingering doubts which still remain- 
ed on the minds of some chemists in relation to the com- 
posite nature of water were speedily removed. 

In the same manner that water is decomposed by the 
Voltaic battery, so, also, many metallic and other salts yield 
to its influence. Thus, if into a jar containing a solution 
of blue vitriol, the sulphate of copper, two metallic plates 
are introduced parallel to each other, and one of them 
brought in connection with the negative and the other 
with the positive pole of the battery, decomposition of the 
salt takes place ; the sulphate of copper being resolved 
into its constituents, sulphuric acid and the oxide of cop- 
per, and the latter reduced to the condition of metallic 
copper by hydrogen simultaneously evolved with it, arising 
from the decomposition of a part of the water. In this 
manner the copper may be deposited, with a little care, 
under the form of a tough metallic mass. 



How is this explained ? How is it, if decompositions are going on in the 
intervening space, that the gases are not there seen 7 Cik metallic salts 
he in like manner decomposed? 
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If in a cubical glass vessel Fig. 1 13, divided into two par- 
titions by a diaphragm, a. Fig. iii. 
aad both partitiona filled 
with a solution of iodide 
of potassium, mixed with 
a Bolutiou of starch, and 
the positive and Derive 
wires of the battery lotro- 
dueed, decomposition of tho iodide takea place, its iodine 
being evolved at tlie positive wire, and giving with the 
starch a deep blue cu'lor, the blue iodide of starch, while 
the liquid in the other partition remains colorless. 

M. ISec[]UGTel obtained some very beautiful results by 
the aid of weak but long-continued electric currents, illus- 
trating the probable miide of fonnation of mineral sub- 
Btancea by such currents traversing the crust of the earth. 
If we take a glass tube bent into the form F,g. iit. 

of a U, and close the bended part with a 
plug of plaster of Paris, putting in one of 
the branches a solution of carbonate of 
•oda, and in the other of sulphate of cop- 
per, immersing in one of the solutions a 
zinc plate, and in the other a copper, 
connected together by a piece of bent 
wire, die liquids communicate through I 
the pomna plug, and crystals of the dou- 
ble carbonate of copper and soda form on the plate im- 
mersed in the copper liquid. In the same Fig. lis. 
manner, other compound salts and mineral 
bodies may be produced. 

Or if we take a jar, A, aad fill it with a so- 
lution of nitrate of copper to a, and then with ■ 
dilute nitric acid to B, and immerse in it a slip 
of copper, C D, presenting equal surfaces to 
the two liquids, an electric current is genera- ' 
ted, the copper is dissolved in the upper aola- 
tion, and is deposited in crystals at D in the , 
lower. 

Aa in thia manner water and vai 



} Fig. us. 

1 

s saline bodies oi^ 



DMcribt the polar deannpoaitim of iodide of potuiiani, Cim decom- 
pori^OM be pnxhkced bji very fcebls Voltuc cnrmti ? DcKriiv wnw 
■(die nruveiiieDtiofH.BecqaerelfbriaajCrMbvthe pndHUo mods of 
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deriB;o decomposition by the action of the pile, it occorred 
to Sir H. Davy that probably other substances, at that time 
supposed to be simple, might also be decomposed. He 
accordingly subjected the alkaline and earthy bodies, tben 
reputed to be elementary, to the influence of a powerful 
battery, and found that his supposition was verified. On 
placing a fragment of caustic potash between the poles, it 
immediately melted ; from the positive oxygen gas es- 
caped in bubbles, and from the negative, small metallic 
globules, having the appearance of quicksilver, emerged; 
these were characterized, however, by the singular qual- 
ities of an intense afRnity for oxygen, so that they would 
take fire on being touched by water, or oven ice, and 
were so light as to swim upon the surfiace of that liquid. 

The result of Davy's experiments proved that tlie al- 
kaline substances and all the earths are oxidized bodies, 
and in most instances oxides of metals. 

On these principles, Davy established a division of ele- 
mentary bodies into electro-positive and electro-negative 
substances. The former are those which, during a polar 
decomposition, go to the negative pole, and the latter those 
that go to the positive. The electro-chemical theory as- 
sumes that all bodies have a natural appetency for the as- 
sumption of the positive or negative states respectively, and 
that all the phenomena of chemical combination are mere- 
ly cases of the operation of the common law of electrical 
attraction ; for between particles in opposite states at- 
traction ought to take place, and when in a compound 
body, such as water, which consists of particles of nega- 
tive oxygen and positive hydrogen, the poles of an active 
Voltaic battery are immersed, they will effect its decom- 
position, the negative oxygen going to the positive pole 
and the positive hydrogen to the negative pole. 

Davy's theory thus not only accounts for the decom- 
posing agencies of the battery, but also for all common 
cases of chemical combination, referring both to the fun- 
damental law of electric attraction. With all its simplic- 
ity, it would be very easy to show, however, that it is 
founded on a groundless assumption, and can not account 
for a great number of well-known facts. 

What were the discoveriei of Dayy respeotin.i^ the alkaline and eartfa^ 
bodiea 1 What ii meant by the elcc-cm-chemkal theory T Doei this thf 
ory alio account far chemical oombiuiiti>-»-. 7 
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The Voltaic pile can not decompose all bodies india 
criminstely. An electrolyte — for so a decompooable sub- 
stance 13 termed — must always be 8 fluid body. It also 
Kppean that all electrolytes must have a binary constitu- 
tion, or contain one atom of each of their two constituent 

Mr. Faraday discovered that the action of an electrio 
current in effecting the decomposition of various bodies is 
perfectly definite : thus, if vre make the sarae current 
pass through a series of vessels containing water, iodide 
of potassium, melted chloride of lead, the; will all be de- 
composed, but in very different quantities. If of the wa- 
ter there be decomposed 9 parts, tliere will be 16a of 
iodide of potassium, and 139 of chloride of lead ; but 
these numbers represent what will be hercafler given aa 
the atomic weights of the bodies in question. A current 
which can set free one grain of hydrogen will evolve lOS 
of silver, 104 of lead, 39 of potassium, 31*6 of copper, &c., 
these being the atomic weights of those subatances respect- 

A very beautiful application of electro-chemical decom- 
position has, of late, been introduced into the arts. It 
passes under the name of the electrotype. It consists in 
the precipitation of metallic copper, gold, silver, platina. 
Sec, on different surfaces, by the aid of a Voltaic current. 
Thus, suppose it were required to obtain a perfect copy 
in copper of one of the faces of 
a medal ; let a gloss trough, 
N C. Fiff. 116, be filled with 
a solution of the sulphate of 
copper, and to the negative 
wire, Z, of a Smee's Voltaic 
batteiT, let the mcdnl N be at- 
tached, all those portions, ex- 
cept the face desired to be I 
cf^ed, being varnished over, | 
or covered with wax, to pro- 
tect them from contact wi^ the liquid. To the positive 
wire, S, let there be attached a mass of copper, C. As 
soon aa the battery is in action, decomposition of the sul- 
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phate takes place, metallic copper is precipitated on the 
face of the medal, copying it with siuprising accuracy. 
This copper is, of course, withdrawn from the sulpbate 
in the solution ; but while this is going on, sulphuric acid 
and oxygen are being evolved on the mass of^copper, C. 
They therefore unite with it ; and thus, as fast as copper 
is precipitated on N by oxydation, new quantities are ob- 
tained nx)m C, and the liquid keeps up its strength unim- 
paired. In the course of a day the medal may be re- 
moved. It will be found incrusted with a tough, red 
coat of copper, which may be readily split off from it. It 
is a perfect copy of the surface on which the deposition 
took place, and, in turn, it may be used as a mould for 
obtaining a great number of casts. Gilding, silver- 
plating, and platinizing are now performed on the same 
principles, the electrotype being one of the most beauti- 
ful contributions which science has of late given to the 
arts. 

An instrument, the Voltameter, has been invented by 
Mr. Faraday for measuring quantities of 
Voltaic electricity. It is represented in 
Ffg. 117. It consists of a glass jar, b, 
filled to the height d with water, and 
through its cover, c, a graduated tube, a» 
passes. In the lower part of the tube at 
g, two pieces of platina foil, which form 
the terminations of the polar wires of the 
batteiy, the current of which is to be 
measured, are introduced, the connection 
with those wires being made by the aid of 
the mercury cups, e/! The tube, a , having 
been filled with water, as soon as the cur- 
rent passes decomposition takes place, the 

gases collecting in the graduated tube, and measuring 

ihe amount of the current. 



Fig. 117. 




DMoribe the Voltametar. 
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LECTURE XXXI. 

Ohm's Theory op the Voltaic Pile. — Magnetism anj> 
£lbctro-magnetism. — VoJta^s Pile, — Hare's CaloritnO' 
tor.-^ZambanVs Pile, — Ohm's Theory. — Electro-motive 
Force. — Resistance, — General Law for the Force of the 
Current. — Laws and Plievomena oj Mignctism. — EleC" 
tro-magnetism, Oersted* s Discoveries in, — The Galvan* 
ametcr. ^-Electric Rotations. — Tangential Force, — Elec" 
tro^magnets. 

With a given amount of metallic surface wo can pro- 
duce Voltaic batteries having different qualities. Thus, 
if we take a square foot of copper and a square foot of 
zinc, and place between them a piece of wet cloth, we 
shall have a battery which can not give shocks, nor effect 
the decomposition of water, but which will cause a fine 
metallic wire to become white hot, or even to fuse. If, 
again, we take a square ff)ot of copper and a square foot 
Of zinc, and cut each into 144 plates, an inch square, and 
arrange them with similar pieces of cloth as a Voltaic 
pile, the instrument will give shocks, and decompose wa- 
ter rapidly. From the same quantity of metal two differ- 
ent species of battery may be made ; one consisting of a 
few plates of large surface, or one of a great number of 
alternations of smaller plates. 

Of these varieties of battery, the calorimeter of Dr. 
Hare is an example of the first. It consists of a series 
of zinc plates, all ccmnected together, and one of copper, 
also similarly connected, constituting therefore, in reality, 
a single pair of very large surface. The great amount of 
heat evolved by this apparatus is its peculiarity. 

The electric pile of Zamboni is an example of the other 
kind. It consists of a series of ten or twenty thousand 
discs of gilt paper, alternating with similar pieces of 
very thin zinc foil. These are arranged in a tube, and 
kept in contact by the pressure of screws at each end. 
In Fig. 118 (p. 132), the pile is laid on a pair of gold 

What are the two 'principal forma of battenr ? "VSHiat do the oalorimo- 
tar and Ztmbooi'c pile illaatrate ? What js the effisct produced by a Imt- 
teiy of large plates 7 What by age qf many alteraativoufc't 
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Pig. us. ^ leaf electroscopes, both of 

^ which diverge, the one 
being positiTe and tbe 
other negative, the cen- 
tral parts of the pile being 
neutral. This instrument 
exhibits no calorific ef- 
fects ; its phenomena are 
those of electricity of high 
tension. 
_ These, and, indeed, 
m^ many of the phenomena 
of the electric current, are clearly accounted for by the 
aid of Ohm's theory *yf the Voltaic pile, of which the fol- 
lowing is an exposition : 

1st. By KLECTRo-MOTivE FORCE we Understand the 
causes which give rise to the electric current; this, as 
we have explained in the siosple circle, is the oxidation 
of the zinc 2d. By resistance we mean the obstacles 
which the current has to encounter in the bodies dirougb 
which it passes. 

When we affect the electric current in any portion of 
its path, either by varying the electro-motive force, or 
changing the resistances, we simultaneously affect it 
thi-oughout the whole circuit ; so that, in a given space 
of time, the same quantity of electricity passes through 
each transverse section of the circuit. 

In any Voltaic circle, simple or compound, the force of 
the current is directly proportional to the sum of all the 
electro-motive forces which are in activity, and inversely 
proportional to the sum of all the resistances ; that is to 
say, the force of any Voltaic current is equal to the sum 
of all the electro-motive forces, divided by the sum of all 
the resistances. 

The resistance to conduction of a metal wire is directly 
as its length, and inversely as its section ; that is to say, 
the longer the wire is, the greater its resistance, and the 
thicker it is, the .ess its resistance. 

If we augment or diminish, in the same proportion, the 

What is meant by elentro-motive force ? In a simple circle, what is its 
origin ? What it meant by resistance ? Oil' afTecting one part of a cor ' 
rent, is the rest affected? What conclusion is drawn inan that fact? 
What is th« ftnoe of t]^ conrent equal to7 In a wire, what is tbe Uw of 
maigUnoe T 
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elcMstfo-Tnotiye forces and the resistances of a Voltaic cir* 
cuit, the force of the current will remain the same ; if we 
increase the olectro-motive force, the force of the current 
increases ; if we increase the resistance, the force of the 
current diminishes. 

If, in two Voltaic circles of equal force, the same re» 
sistance is introduced, the forces of the currents may be 
enfeebled in very different proportions ; for the newly-in- 
troduced resistance may, in one of the circles, bear a veiy 
great proportion to the resistances already existing, ana, 
in the other, a very insignificant proportion. 

TJhe following, therefore, is the general law which de- 
termines the force of a Voltaic circuit. 

1st. The electro-motive force varies with the number of 
the elements, the nature of the metals, and of the liquids 
which constitute each element; but it does not in any 
manner depend on the dimensions of their parts. 

2d. The resistance of each element of a Voltaic circuit 
is directly proportional to the distance between the plates, 
as occupied by the liquid, the resistance of the liquid it- 
self, and the length of the polar wire connecting the ends 
of the circuit ; and inversely proportional to the surface of 
the plates in contact with the liquid, and to the section of 
the connecting wire. 

3d. The force of the current is equal to the electro- 
motive force divided by the resistance. 

From the circumstance that lightning has been repeat- 
edly known to render implements of steel magnetic, and 
from a general analogy which exists between the phenom- 
ena of magnetism and those of electricity, it was long ago 
believed that these phenomena were due to one common 
cause; but it was not until 1819 that their true relation- 
ship was first established by CErsted. 

The phenomena of the magnet itself were discovered 
more than 2000 years ago. The natural magnet, or load- 
stone, which is an iron ore, possesses the quality of at- 
tracting pieces of iron or steel, but upon almost all other 
substances it is without action. To hardened steel it com- 



How does the farce of the carrent change with changes in the electro* 
motive force and the resistance ? When a new resistance is introdaced 
into two circles, does it foOow tiiat both will be affected alike ? Give ib^ 
general law which determines the force of the Voltaic current. What m 
the pTOfiertisi of a magnet? What is 4he di&rence of its actioa on iron 
aaditoelT 

M 



IM 



HAOHETUM. 



Fif. lilt. 



MS B " \ - ^k l 



mnnicUes its nwn properriea in a permanent manner ; bat 
ao& iron is only tranBiently m&gnetic, and as soon u it k 
remuved tram the influence of the magnet it loaea iu 
power. Bars of steel which have been magnetised eta 
communicate their activity to other bars ; they arc, there- 
fore, of constant use in physical irveBtigations, and are of 
two forms, straight bars and horsonhoe magnets. 

If a magnetic bar have iira 
filings sifted over it, they tfA- 
\ lect, as represented in Fig. 
119, chiefly at the tv^oextiem- 
B dd few ofthem being found m the middle. If a piece 
of card-board i« laid 
over a magnet, and 
the filings diuted on 
It they arrange them- 
sehesin curves, call- 
ed magnetic curres; 
there being in thii, 
as m the former in- 
stance, centers of lo- 
tion PP,towaidtb« 
extremities of tha 
ban, around which the curves are arranged. The sp* 
pearance is shnwo in Fig. ISO. 

Alight mngncticbaTiSN so arranged that it can be ptnft' 
Fig. 111. ed on B. pivot, C, with free 

domofmution,is a magnetic' 
— M needle. It was discoverei 
by the Chinese that such ^ 
needle, Fig. 121, possessed 
polsxity, or points north and 
south, a fact of the utmost 
importance in navigation. 
"When to a needle the poles 
of a bar are approached, it exhibits attractive and repuls- 
ive movements. The law under which these take place 
is, " Like poles repel, and unlike ones attract ;" two nr'tth 
or two south poles repel, but a north and a south attract. 

Whst tre the fbima of irdGciil migneti T How ma; the eslateiKie cf 
pd«* be aliDwii by iron flliogi ! Deicribe > mijcnecic needle. 'Wli*t is 
tocant bv its polsrityl Whst ii the Uw st nugnetio MCnctioiM mad i*. 





ELECTRO-MA6NETWM. 185 

Either pole of a magnet is attracted by a piece of unmag- 
netized soft iron. The intensity of magnetic action is in- 
versely proportional to the square of the distances. 

If a magnetic needle be brought into the neighborhood 
of a ivire, along which an electric current is passing, the 
needle is at once disturbed from its position, and tends to 
set itself at right angles to the wire. The direction in 
which the transverse movement takes place depends on 
the relative position of the needle and the wiie ; thus, Ist, 
if the wire be above the needle and parallel to it, that 
pole next the negative end of the battery moves west- 
ward ; 2d, if the wire be beneath the needle, it will move 
eastward ; 3^^, if the wire be on the east side of the needle, 
the pole is elevated ; 4th, if on the west, it is depressed ; 
in all these various positions, the tendency being to bring 
the needle at right angles, or transverse to the wire. 

It follows, from these p^ ^^t. 

facts, that if a magnet- 
ic needle be placed in 
the interior of a rectan- 

§le of wire, Fig. 122, 
brough which a cur- 
rent is made to flow, 
all the portions of the 
"wire conspire to move 
the needle in the same direction. The effect, therefore 
becomes much greater than in the case of a single con- 
tiDuous wire. 

On the same principle, if, instead of a single turn, the 
wire is repeatedly coiled upon it- pig. 123. 

self, so as to make a great many « 
turns, the effect upon the needle may ^ 




be greatly increased; and when the itc 
iieeale is made nearly astatic, that c 
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IB to say, its tendency to point north s , 

nearly destroyed by arranging it upon 
>D axis with another needle, similar to it in all respects, 
but with its poles reversed, as N S, S N, Figmre 123, 
tbe directive tendency of the one needle neutralizing 

How does tbe intensity of magnetic acti<m raiy ? In what does CBr-^ 
■tod's disoovery consist ? What is tbe direction which the needle morec* 
hi the Imir positions itmnd the wire f What is the effect on a needle ia 
tbe interior €f a rocttng^Y Whitia theprandple'cf tJhegilyiiinnwBtMtt 
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the other, but both tending to turn in the same direction 
by the current in the coil of wire, inasmuch as one is with- 
in the coil and the other above it, the arrangement fonns 
a most delicate means of discovenng and measuring an 
electric current. It is called a galvanometer. 

As action and reaction are always equal and contrary, 
it is obvious that, if a conducting vnre be movable and 
the magnet stationary, the latter can be made to impress 
motions on the former. 

Conducting wires can be made to revolve round the 
Fig. 181. poles of a magnet, or the pole of a mag- 

net round a conducting wire ; thus, in a 
glass cup. Fig, 124, let a magnet, «, be 
fixed vertically, and the cup filled with 
mercury; by means of a loop, a, let a 
conducting wire, h, be suspended, having 
perfect freedom of motion. If an electric 
current is made to pass down this wire 
through the mercury, and escape by the 
path d, the wire rotates round tne pole » 
as long as the current passes. From this 
and similar experiments, it therefiire ap- 
pears that the force exerted between a conducting wire 
and a magnet is not a direct attractive or repulsive power, 
but one continually tending to turn the movable body 
round the stationary one, deflecting it continually, ana 
acting in a tangential direction. Hence it is sometimes 
spoken of as a tangential force. 

If round a bar of sofl iron a conducting wire, covered 

over with silk, be spirally twisted, as in 
Fig. 125, whenever an electric current 
is passed, the iron becomes intensely 
magnetic, and loses its magnetism as 
soon as the current stops. A bar an 
inch in diameter, bent so as to represent 
a horseshoe, Fig, 126, with a wire cov- 
ered with silk for the purpose of sepa- 
rating its successive strands from each 




Fig. 125. 




On the same principles, can the wire be made to move 7 Describe a 
method of ahow-iag- the loutlon of a. wire round the pole of a Buignet 
What is the nature of the force exerted between a conducting wire and 
a magnet 7 D«acribe the ooofttractioi^ and propertiei of a itraigUt elactn>> 
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>tber, may be made to give rise to very 
striking results. Prof. Henry, by a modi- 
Bcation of the conducting wire, succeeded 
in imparting so intense a degree of mag- 
netism to a piece of soft iron that it could 
Mipport more than a ton weight. If under 
one of these electro- magnets a dishful of 
small iron nails be held, the moment the 
current passes, the nails are all attracted, 
and, while they are held by its poles, may 
be moulded, as it were, by the hand in 
various shapes, but as soon as the current 
■tops they rail off. 

It is upon this principle of piT>ducing 
tamporaiy magnetism by an electric cur- 
rent that Morse's electric telegraph depends. 
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LECTURE XXXII. 

Electro-dynamics — Thermo-electricity, &c. — Am- 
pere^ s Discovery. — Properties of a Helix, — Nature of the 
Magnet, — "Faraday's Discovery of Magnetic Electricity, 
— Magnetic Machines, — Faradian Currents, — T/iermo- 
dectricity, '^Production of Heat and Cold by Electric 
Currents, — Thermo-electric Pairs, — Peculiarity of these 
Currents, — Electro-motive Power of Heat, — MellonVs 
Pile and Thermometer, — Improvements in Thermo-elec- 
tric Pairs, — Animal Electricity, — Steam Electricity, 

Soon after the relation between electricity and magnet- 
ism was established, M. Ampere discovered that there 
are reactions between electi-ic cuirents themselves. 

Two electric currents flowing in the same direction at- 
tract each other, but two electnc cun*ents flowing in op- 
poflite directions repel ; or, more briefly, '* Like cuiTents 
attract, and unlike ones repel.'' 

If a conducting wire be bent in the form of a helix, 
its terminations retuiiiing toward its middle, as shown in 
Fig. 127, it exhibits all the properties of an ordinaiy raag- 
netized bar ; for as soon as the current passes, it points 

BcMrflba tfaa Itonethoe electro-magnot. What is the law of reactkNi 
b i t ir— n dcNBtrie owrants? 

M2 



138 



rSOFElTlES OF A BSLIX. 



Ftg.W. 




north and south, and is attracted and n- 
pelted by tiie polea of a magnet, just » 
tbough it were a. magaet itself. A veij 
ueat airangement for illustrating thew 
results iH seen in Fig. 138. A small am- 
ple circle, consisting of a zinc and coppn 
plate, connect- ;yj_ |)g. 

ed together by 
ineanaof a wire 

If form a flat coil, 
floated by 
means of a cork in acidulated 
water. The current runs round 
the coil in the direction of the 
arrows, and the arrangement, 
obeying the magnetic influence 
of the eaith, turns, with its plane 
pointing north and south, juat as 
a magnet would do if introduced into the int^nr trftba 
coil, in the position shown in the figure by the daHc Soft 
Ampere infern, from the analogy of these instrumeote, 
that tlie magiiet owes its qualities to electric currents cir- 
culating in it in a tranaveise direction. The directiTe 
actiimof the magnetic needle or the electiic helix depends 
on the reaction of electric currents circulatiag in the 
earth, due to the unequal heating of its surlace by the 
rays of the sun. 

We have seen that an electric current can develop 
r Bteel ; in the former, tran- 
Fig. m, in aient, in the latter, penn*- 

magnetism. Thus, if 
le iron bar, n a. Fig. 1S9, 

,.Q placed in the axis of a 

-Jt-SLfe \vV v//.- \J helix of copper wire, along 
which a current is flowins, 
jvelopa magnetism in the bar. It was dis- 
covered by Faraday that the converse also holds good, 
and that a magnet can give rise to an electric current 
Thus, in Fig. 1S9, let the terminations a i of the helix e 




Deicribe the 
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be brought in coDtact, and having placed a soft iron bar, 
• «, within it, let the bar be made magnetic by the ap- 
proach of a strong mag^net. Asns assumes the magnetic 
condition, it generates a cuirent, which runs through the 
belix e ; and if at this moment the wires a b are drawn 
Apart, a bright spark, sometimes called the magnetic 
ipark, passes. It does not come, however, from the mag- 
net itself, but is due to the electric current established in 
the helix by the disturbing action of the magnet. If be- 
tween the terminations a b b, slender wire is placed, it 
may be made red hot, or water may be decomposed, or 
any of the phenomena of a Voltaic battery may be exhib- 
ited by the aid of this magneto-electric current. On this 
principle are constructed the magneto-electric machines, 
of which different forms have of late been so generally 
introduced for the purpose of the medicinal application of 
electricity. They all depend essentially on the principle, 
that if we coil round a piece of soil iron a conducting 
wire, as often as the iron is magnetized, a wave of elec- 
tricity flows through the wire. 

If two conducting wires be placed parallel and near to 
dach other, when an electric current is passed through 
one of them a wave of electricity flows in the opposite di- 
rection through the other ; and on the first current stop- 
ping, another wave, coinciding with it, passes through the 
second wire. These momentary currents are all called, 
from the name of their discoverer, Faradian currents. 

If we take a bar of antimony, a. Fig. 130, and one of 
bismuth, b, and having soldered them end to Fig. i30. 
end at c, pass a feeble current through them 
in a direction from the antimony to the bis- 
moth, the temperature of the compound bar 
rises ; but if the current passes in the oppo- 
■ite direction, cold is produced. By fixing 
tbermometers into the substance of the bars, 
these facts may be readily verified, and in the 
latter case, when water is placed in a depres- 
sion made for it in the bar, and the reduction of tempera- 
ture slightly aided, it can be frozen by the electric current. 

The same compound bar of bismuth and antimony, 

What are the propertiei of these currents '' What is the princiitle of 

What is meant bv Faradian carrents ? 
may heat and cold oe produced fay a car- 




tfie maj^ietD-eleotric machine ? What is meant by Faradian carrents ? 
Wliatia theirdirectioaT How 
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having its extremities connected together by a wire, when* 
ever heut is applied to the junction, an electric cuireotsets 
from the hismuth to the antimony, and when cold is appli- 
ed, from the antimony to the bismuth. These important 
facts were discovered hy Seebeck in 1822, and the ca^ 
rents have been designated by him thermo-electric currenti. 

For the production of these thermo-electric effects, two 
metals are not necessarily required. One end of a diick 
metallic wire being made rea hot and brought in contact 
with the other, a current instantly passes from the hot to 
the colder portion, and continues to flow in diminishing 
quantities until the two ends have reached the same tem- 
perature. Or if a metallic ring be made red hot in any 
limited portion of its circumference, so long as the heat 
passes with freedom to the right hand and to the left, 
electric development does not appear ; but if we touch 
with a cold rod the hot portion, abstracting thereby a p(ff- 
tion of its heat, a current in an instant runs round it 

It is not alone in metals that these thermo-electric cur- 
rents can be induced ; other solids, and even liquids, may 
originate them. Among metals associated together, the 
relation often exhibits singular changes. Copper and iron 
form a very active couple until their temperature ap- 
proaches 800^ F. ; the current then stops, and on condn- 
uing the heat, another current is developed, passing in the 
opposite way. The same takes place wiUi a pair of sil- 
ver and zinc, at a temperature of 248^ F. 

Thermo-electric currents generated in metallic bars, 
experiencing little resistance to conduction, have therefore 
very little tension ; the thinnest stratum of water is a pe^ 
feet non-couductor to them. 

In any thermo-electric couple the quantity of electrici- 
ty evolved depends upon the temperature ; but, as I have 
shown in a memoir on the electro-motive power of heat, 
inserted in the Philosophical Magazine for June, 1840, it 
is not directly proportional to it, except through limited 
ranges of temperature ; we can not, therefore, make use 
of these currents for the determination of temperatures 
with accuracy, on the hypothesis of the proportionality rf 
the quantities of electricity to the quantities of heat. 

What are thermo-electric currents ? Can they be generated by one 
metal only t Can they originate in other ■olida betides metals, and in 
liqaidx 7 What u the action of a pair of copper and iitm, and silver and 
ssinct Why hare they so little tension ? ^ the quantity of electricity 
evolved proportional to the temperatore f 
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By joining a syitem of bara ftltemately together, we 
my raduplicate the efTects of a. single pair. As might 
bare been predicted on the theory of Ohm, and as I haro 
ahowo in the memoir just quoted experimentally, where 
the conductiiig; reeiatance remains the same, the quantity 
that passes the circuit ia directly proportional to the num- 
ber of pairs. It is upon this principle that, sevpral years 
wo, M. Helloni constructed his thermo-electric multiplier, 
Pig' 131. Thirty or forty pairs of minute bara of bisniuth 



■nd andmony F F, with their alternate ends soldered to- 
gether, are arranged in a amall space, so that their ends 
expose an area not exceeding the section of the hulb of a 
commoD thermometer, the current that passes from this 

Sile being so conducted, by means of wires C C, as to de- 
ed a magnetic needle. To the thermo-electric pile a gsl- 
Tanometer is therefore attached, aa seen in Fig. 133, 




Wli«i»«b«priiii>liiloqtn»thMB>Ml»etri«nmWi>HwofM«nooi! How 
1< ttranvtnieMT 
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whicb represents the wbole instrument in sectioii and 
perspective. A B C is the coil of the multiplier, its let- 
minal wires ending in the connecting cups, F F'. The 
coil rests on a plate, D E, which can be made to revolTe 
by means of a wheel and screw connected with the bat- 
ton G. An astatic combination of needles is suppoit- 
ed by the frame Q M N, by a single silk thread, V L 
To protect the instrument from currents of air^ it is cot- 
ered with a glass cylinder, R L, strengthened by biiH 
rings, P S, Y Z ; K T is the basis on which the cylinder 
rests. The angle of deflection of the needle is t^en as 
the measure of the temperature. Of all thermometers, 
this is by far the most sensitive. 

I have introduced certain improvements in the con- 
Fig. 133. struction of the tbermo- 
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""^ r^ r^^ l^'i electric element. Let 

a, Fi£r. 133, be a barof 
antimony, and & a bar 
of bismuUi. Let them 
be soldered along c d^ 
and at d let the temper- 
ature be raised ; a car- 
rent is immediately ex- 
cited, but this does not 
pass round the bars a h^ 
inasmuch as it finds a shorter and readier channel throogb 
the metals between c and d^ as indicated by the arrows. 
Nor will the whole current pass round the bars until the 
temperature of the soldered surface has become uniform. 
An improvement on this construction is, therefore, such as 
is represented at a' b\ which consists of the former ar- 
rangement 'cut out along the dotted lines ; here the whole 
current, as soon as it exists, is forced to pass along the 
bars. One of the best forms of a thermo-electric pair is 
^ven at a" h'\ where a" is a semi-cylindrical bar of an- 
timony and h" of bismuth, united by the opposite comers 
of a lozenge-shaped piece of copper, c. The heat is to ftll 
on c, which becomes hot and cold with promptitude, aod 
determines a current. 

Besides the various sources of electricity to which I 
have referred, there are certain animals which possess 

la what maimer ma^ the limple thermo-electric pair be improved t 
Whatiaanunalelectricitj? ^ 
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the power of controlling the equilibrium of the electric 
fluid in their neighborhood at will, being accommodated 
fi>r this purpose with a specific ner\'ous apparatus. The 
torpedo, a fish living in the Mediterranean, and the gym- 
notus electricus, which is found in some of the fresh- wa- 
ter streams of South America, have this property. The 
Bbock of the torpedo passes through conducting bodies, 
but not through non-conductors. A gymnotus which was 
exhibited in London was found to deflect a magnetic nee- 
dle powerfully by its discheu-ge. A steel wire was mag- 
netized by it. and iodide of potassium decomposed. In an 
interrupted metallic circuit a spark was seen, and the in- 
duced spark was also obtained by a coil. The current 
passed from the anterior to the posterior parts of the animal. 
Mr. Faraday, the author of these experiments, calculates 
that the quantity of electricity passing at each discharge 
of the fish was equal to that of a Leyden battery contain- 
ing 3500 square inches charged to its highest degree, and 
this could be repeated two or three times with scarce a 
sensible interval of time. 

As the electricity which these animals discharge de- 
pends on their nervous action, the production of it is at- 
tended with a corresponding nervous exhaustion. It is, 
therefore, not improbable that the converse of these actions 
holds good, and hereafter it will be found that electricity 
reacts on the nervous fluid. 

In concluding this subject, I may mention a source of 
electricity which of late has excited much attention. When 
high-pressure steam is allowed to escape from a boiler 
through a narrow jet, a powerful excitement is produced, 
and sparks many feet in length may be obtained. The 
efiect appears to be due to the friction of minute drops of 
water against the tube through which the steam is es- 
caping. 

By what animals is it exhibited 7 What effects have been produced 
by the electricity of the rvmnotos 1 What is the compnted quantity of 
toe electricity in each discharge 7 Why is this electric devebpment at- 
tended widi a nervous e:(haastion 7 W hat is the cause of electricity pro> 
dnced by steam? 



PART I L 



LECTURE XXXIII. 

The Nomenclature. — The French NomencUUun,'^ 
Table of Elementary Bodies, — Nopiendature Jbr Conh 
pound Bodies, Acids, Bases, and Salts. 

Until after the discovery of oxygen gas, the nomendar 
ture of chemistry was very loose and complicated. The 
trivial names which were bestowed on vanoua bodies had 
frequently little connection with their properties ; some- 
times they were derived from the name of the diacoverer, 
or sometimes from the place of his residence. Glanber 
salt takes its designation from the chemist who fint 
brought it into notice, and Epsom salt fron» a village in 
England, in which it was at one time made. 

It is obvious that such a system of nomenclature, as 
aoon as the number of compound bodies increased, woald 
not only become unmanageable, but, by reason of the im- 
possibility of carrying in the memory such amass of uncon- 
nected terms, offer a very serious impediment to the prog- 
ress of the science. Lavoisier and his associates, about tSa 
close of the last century, constructed a new nomenclature, 
vdth a view of avoiding these difficulties. Its principles, 
vnth some modifications, are now universally received. 
The following is a brief exposition of it : 

Natural bodies may be divided into two classes, sinu^ 
and compound; the former are also called elementary, oj 
simple or elementary bodies we mean those which have 
not as yet been decomposed. 

Among simple substances, those which have been known 
for a long time retain the names by which they are pop 
ularly distinguished ; thus, gold, iron, copper, &c. ; and 
when new bodies belonging to this class are discovered, 

What was the natare of the nomenelatare ui ed by th* older rhtrmift* f 
When was the ■yitemnow in me invented ? What if meaat hv itepb 
or elementary bodiei 7 Wliat ia the nUe ^ t)ie old yiiaple ^pdiea T WMt 
for thoee newly discovered 7 
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y are to receive a Dame descriptiva of one of their 
sing properties ; thus, chlorine takes its name from its 
enish color, and iodine from its purple vapor. It is to 
regretted that this rule has often been overlooked. 
>ome doubt exists as to the exact number of the ele- 
ntary bodies. It may be estimated at 58, including 
3e metals recently discovered, the titles of which have 

yet been completely established. 
>f the list of elementary bodies, the metals form by far 

larger portion, there being 45 of them ; the remaining 
are commonly spoken of as non-metallic substances. 

some authors these are called metalloids, in contra- 
inction to the metals, an epithet which, however, is 
y objectionable. 

ie cf elemeiUairy or simple Substances, with their Symbols and Atomic 

Weights. 

a-aaudklUMnfliiU. 

ygen . 
diogen 
xDgen 
jkmr . 
xphonu 



lorine. 



nm 

AMI 



KataDIc ZkiiM^ts. 



liom . 
hiam . 
riom . 
ontaniii 
Iciom . 
gneaium 
unumm 
icinam 

riUED . 

ffoninin 
Minm . 
limn . 
attiunun 
lymiam 



Sjrrabok. 


At WtB. 


o. 


8013 


H. 


1000 


N. 


1419 


6. 


1612 


P. 


15.72 


a 


604 


CL 


35-47 


Br. 


78-39 


I. 


126-57 


F. 


18-74 


B. 


10-91 


SL 


22-22 


Se. 


39-63 


K. 


39-26 


Na. 


23-31 


L. 


6-44 


Ba. 


68-66 


Sf. 


43-85 


Ca. 


20-52 


Mg. 


12-89 


Ai 


13-72 


O. 


26-54 


Y. 


32-25 


Z. 


33-67 


Th. 


59-83 


Ce. 


46.05 


La. 




D. 





Metallic Elements. 


S>-mbo'U. 


At wt*. 


Erbiam . . . . 


E. 




Terbiam .... 


Tr. 




Manganese . . 


Mn. 


27-72 


Irou 


Fe. 


27-18 


Cobalt . . 




Co. 


29-57 


Nickel . 




Ni. 


29*62 


Zinc . . 




Zn. 


32-31 


Cadmium 




Cd. 


55-83 


Lead . . . 




Pb. 


103-73 


Tin . . , 




Sn. 


5892 


Bismu^ . 




Bi. 


71-07 


Copper . 




Cu. 


31-71 


Uranium 




U. 


217-20 


Mercury . 




Hg. 


202-87 


Silver . . 




^£- 


108-31 


Palladium 




53-36 


Rhodium 




R. 


52-20 


Iridium . 




Ir. 


98-84 


Platinum 




Pt 


98-84 


Gold . . . 




An. 


199-2 


Osmium . . 




Os. 


99-72 


Titanium , . . 


Ti. 


24-33 


Tantalum , . • 


Ta. 


184-90 


Tellurium , , . 


Te. 


64-25 


Tungsten . . . 


W. 


99-70 


Molybdenum . . 


Mo. 


47-96 


Vanadiuni . . . 


V. 


68-66 


Chromium . . . 


Cr. 


28-19 


Antimony . , , 


^h. 


64-62 


Arsenic . 


i • • 


As. 


37-67 



Compound bodies may, for the most part, be divided 

rhat U die nvnber of the elementary bodies 7 Of these, to what class 
le greater part belong? What are the symbola fbr the demontazy ^ 
es f What are their atomic weights ? 
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into three groups : acids, bases, and salts. By an add 
we mean a body having a sour taste, reddening vegetable 
blue colors, and neutralizing alkalies ; by a base, a body 
which restores to blue the color reddened by an acid, aua 
possessing the quality of neutralizing the properties of an 
acid ; by a salt, the body arising from the union of an acid 
and a base. These definitions, however, are to be receiv- 
ed with considerable limitation. 

The nomenclature for acid substances is best seen from 
an example. Thus, sulphur and oxygen unite to form an 
acid : it is called sulphuric acid ; the termination in tc being 
expressive of that fact. But very frequently two substances 
will form more than one acid, by uniting in different pro- 
portions ; in this case the termination in ous is used ; dios 
we have sulphurous acid, so called because it contains leas 
oxygen than sulphuric. The prefix *' hypo" is also uaed, 
as in hyposulphurous and hyposulphuric acids : it indicates 
acids containing less oxygen than sulphurous and sulphuric 
acids. The prefix *' hyper" is used in the same way; thos, 
hyperchloric acid, an acid containing more oxygen than 
chloric acid. 

With respect to bases, the generic termination is in tie. 
If oxygen and lead unite, we have oxide of lead, and in 
the same manner we have chlorides, bromides, iodides, 
and fluorides. And if these elements form compounds in 
more proportions than one, we indicate their proportion 
by the Greek numerals protos, deuteros, tritos ; thus we 
have protoxides, deutoxides, tritoxides ; the protoxide of 
lead contains one atom of oxygen and one of lead, the 
deutochloride of mercury two atoms of chlorine and one 
of mercury, &c. In the same manner, the prefixes sub, 
sesqui, and per are used; thus, a suboxide contains tbe 
lowest proportion of oxygen, a peroxide the highest pro- 
portion, and a sesquioxide intervenes between a protoxide 
and a deutoxide, its oxygen being in the proportion of one 
atom and a half. 

By an alloy, we mean the substance arisine from the 
union of two metals ; thus, copper and zinc unite to form 

Into what groaps may compound bodies be divided ? Wliat \» the defr 
nitbn of an acid ? What is a base ? What is a salt ? What do the te^ 
minations ic and om indicate ? Wliat is the meanioe of the prefixes hypo 
and kyper 1 What does the termination ide signify f What the prefoef 
proto9, deuierot, and trUoitf tub, teaqui, nnd per? What is an aUoj tnd 
■n amalgiun? 
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brass, which is an alloy. If one of the metals is mercury, 
the compoimd is called an amalgam. And when sulphur, 
phosphorus, CGU'bon, and selenium unite with metals, or 
with each other, the termination uret is used; thus we 
have Bulphurets, phosphurets, carburets, &c. 

With respect to the nomenclature for salts, the termi- 
nations €Ue and ite are used to indicate acids in ic and ous 
respectively. The sulphate of potash contains sulphuric 
acid, and the sulphite of potash sulphurous acid. And 
as we have already seen that different oxides arise by the 
union of oxygen in different proportions, and these bodies 
frequently give rise to different series of salts, the opera- 
tion of the nomenclature may be readily traced ; thus, 
the protosulphate of iron is the sulphate of the protoxide 
of iron, but the persulphate of iron is a sulphate of the 
peroxide, and the deutosulphate of platinum a sulphate 
of the deutoxide of platinum. When the relative quan- 
tity of the acid and base vanes, Latin numerals are em- 
ployed ; thus the bisulphate of potash contains two atoms 
of sulphuric acid and one of potash. 

Salts are said to be neutral if neither their acid nor 
base be in excess. If the acid predominates, it is an acid, 
or Buper-salt ; if the base, it is a basic, or sub-salt. 



LECTURE XXXIV. 

The Symbols. — Failure of the Nomenclature in the Ctue 
of Complex Compounds, — Failure in Difference of 
CrTOuping, — Symbols for elementary Bodies. — Express 
sions for several Atoms^ — Use of the Plus Sign, — Ex- 
pressionsfor Chrouping, 

So long as the constitution of compound bodies is sim- 
ple there is no difficulty in applying the nomenclature, or 
in recognizing from the name of the compound the nature 
and proportions of its constituents. Thus, protoxide of 
hydrogen clearly indicates a body in which one atom of 
oxygen is united with one of hydrogen, bisulphate of pot- 
ash a body composed of two atoms of sulphuric acid and 

When it the termination uret employed ? What do the terminationi 
«e and Ue indicate 7 What is the nomenclature for the salts ? What is 
a neutral salt f What is an acid, or saper-salt ? What is a hasic, or sub- 
aalk T Under what circumstances does the nomenclature apply, and when 
doeaitfoiir 
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one of potash, and even in more complicated caBes, sndi 
as the sulphato-tricarbonate of lead, &c.y the same prin- 
ciples will serve as a guide. 

But when compound bodies consist of a great nomber 
of atoms, the nomenclature ceases to be of any serrioe. 
Thus, starch is composed of twelve atoms of carbon, ten 
of hydrogen, and ten of oxygen. Fibrin is composed of 
forty-eight atoms of carbon, thirty-six of hydrogen, firar- 
teen of oxygen, six of nitrogen, with minute but essential 
quantities of sulphur and phosphorus. On the principleB 
of the nomenclature, it would be difficult to give to the 
first a technical name, and in the case of the latter im- 
possible. 

The peculiarity of organic compounds is, that they 
contain but few of the elementary bodies, being chiefly 
made up of carbon, hydrogen, oxygen, and nitrogen ; but 
these, as in the case of fibrin, unite in a very complicated 
way, very often hundreds of atoms being involvea. The 
nomenclature is therefore inapplicable to organic chemistiy. 

There is also another very serious difficulty in its way. 
It has been discovered that compounds may consist of the 
same elements, united in precisely the same proportions) 
so that when they are analyzed thej yield precisely the 
same results, and yet they may, in reality, be very differ- 
ent substances. Identity in composition is no proof of 
the sameness of bodies. Thus we may have the same 
elements uniting together in the same proportion, and 
yielding a solid, a liquid, or a gas indifferently. This re- 
sult may depend on several causes, as will be presently 
explained; but among these causes I mi^ here specify what 
is termed by chemists ** Grouping." Thus, suppose four 
elementary bodies, A B C D, unite together, there is ob- 
viously a series of compounds which may arise by pei^ 
muting or grouping them differently, as in the followin||[ 
example : 

(1) A -f B 4- C -f D. 

(2) A C +BD. 

(3) A D + C B. 

&c. &c. 



What is ^e peculiarity of organic oompounda ? Wby ia the nomenda' 
tore inapplicable to organic chemistry ? Is identity en composition any 
proof of the identity of bodies 1 What is meant by groapingT Qirm aa 
example, 
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The method of symbols which is designed to meet these 
difficulties, and is, in reality, an appendix and improve- 
ment upon the nomenclature, was originally introduced 
by Berzelius ; but the form which is now most commonly 
adopted is that of Liebig and PoggendorfT. The advan- 
tages which have been found to accrue from it GU'e so 
great, that it is now introduced into every part of chemis- 
try, so that it is impossible to read a modem work on this 
science without having previously mastered the symbols. 

The student should not be discouraged at the mathe- 
matical appearance of chemical formulae. He will find, 
by a little attention, that they are founded upon the sim- 
plest principles, and involve merely the arithmetical 
operations of addition and subtraction. The following 
is a brief exposition of their nature : 

For the symbol of an elementary substance we take the 
first letter of its Latin name, as is shown in the table 
griven in the last lecture. Those symbols should be com- 
mitted to memory. But as it happens that sevei*al sub- 
staDces sometimes have the same initial letter, to distin- 
guish between them we add a second small letter. Thus, 
carbon has for its symbol G, ; chlorine, CI, ; copper (cu- 
prum), Otf. / cadmium, Cd,, &c. It may be observed that 
m the case of recent Latin names the German synonym 
is always used ; thus, potassium is called kalium in Ger- 
many, and has for its symbol K, ; sodium is called natri- 
um, and has for its symbol iVa., &c. 

But a symbolic letter standing alone not merely repre- 
sents a substance; it farther represents one Btom of it; 
thus, C means one atom of carbon, and O one atom of 
oxyeen. 

If we wish to indicate that more than one atom is pres- 
ent, we affix an appropriate figure, as in the following 
examples: Ci,.jBio* Oiq. Thus, nitric acid is composed 
of one atom of nitrogen united to five of oxygen, and we 
wiite it NOf^ 

When a compound, formed of several compounds, is to 
be represented, we make use of an intervenmg comma ; 
thus, strong oil of vitriol is composed of one atom of sulphur 

What are the symbols firr elementary bodies ? When two bodies be> 
gin witli die aame letter, how are die mabols arranged 7 What does a 
au^ symbol BtKuXaofi alone represent 7 How are more atoms than one 
VBpnMDted f How is the comma employed 7 

N2 
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and three of oxygen, united with one atom of water, wfaid 
is composed of one atom of oxygen and one of hydrogen, 
and we write it jSOg, HO* 

If we desire to indicate that compounds are united with 
a feeble affinity, we make use of the sign + ; thus, the 
composition of sulphuric acid may be written SO^ or 
SOi-\- O, the latter formula implying that one of the atoms 
of oxygen is held by a feebler affinity than the other two. 

When a large figure, or coefficient, is placed on the 
same line as the symbol, and to the left of it, it multiplies 
that symbol as far as the first comma or + sign ; or, if the 
formula be placed in a parenthesis, it multiplies every 
letter under the parenthesis; thus, 280^, KO, HO or 
2S0i+K0+H0 mean two atoms of sulphuric acid 
united with one of potash and one of water, forming the 
bisulphate of potash; but 2(80^, KOy HO.) would repre- 
sent two atoms of a salt composed of one of sulphuric acid, 
one of potash, and one of water, the figure here multiply- 
ing all under the parenthesis. 

The advantages which arise from the use of these sim- 
ple rules are veiy great; we can, even with the most 
complex bodies, not only express their composition, but 
also the molecular arrangement, or grouping of their 
atoms; we can follow them through the most intricate 
changes, and vnthout difficulty trace out their metamorph- 
oses. For example, analysis shows that alcohol is com- 
posed of 

Cj, Hq^ Og, 

but many facts in its history lead us to know that its mole- 
cular constitution is 

^ (CJI,)0+HO; 

that is to say, it contains a compound radical C^^^ to 
which the name of ethyl has been given, and this &ct 
being understood, we see at once that upon the principles 
of the nomenclature the true name for alcohol is the hy- 
drated oxide of ethyl ; moreover, alcohol is derived by 
processes of fermentation from sugar. The constitution 
of dry grape sugar is 



'121 -^-^la* ^^u* 



What if tihe use of the sign plu» 7 How far does a coefficient multi- 
ply ? What are the advantages arising from die symbols ? (Hve an ex- 
ample in the case of alcoboL 
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^ This complex atom, under the influence of active yeast, is 
split into 

2{C,H,0,) 4(C0,), 

that is to say, into two atoms of alcohol and four of car- 
bonic acid gas ; and, accordingly, we find, during fermen- 
tation, that the sugar disappears, alcohol forming in the 
liquid, and carbonic acid gas escapes. 

The student should accustom himself to the translation 
of the nomenclature into symbols, and symbols into the 
nomenclature, in cases where it is possible, for it is abso- 
lutely essential that he should be perfectly familiar with 
the process. 



LECTURE XXXV. 

TftE Laws op Combination. — La?o of Fixed Proportions. 
-•^Numerical Law. — Multiple Law, — Modes of express- 
ing Composition, — "Proportions, Equivalents^ and Atomic 
Weights, — Relation between Combining Volumes and 
Atomic Weights. — TaJ>le of Specific Gravities and 
Atomic Weights, 

It has been shown, in the first and second lectures, 
that material substances possess an atomic constitution, 
and all the phenomena of chemistry bear out this conclu- 
sion. It follows, therefore, when substances combine 
with each other and give rise to new products, the union 
takes place by the atoms of the one associating themselves 
with the atoms of the other, and as these atoms possess 
weight and other properties which are specific, there are 
certain circumstances, easily foreseen, which mUst attend 
such combinations. 

Ist. The constitution of a compound body must always 
be fixed and invariable. This arises from the fact of the 
unchangeability of the properties of atoms ; one atom of 
water will always be composed of one atom of oxygen 
and one of hydrogen ; one atom of carbonate of lime will 
always consist of one atom of carbonic acid and one of 
lime. Or, more generally, if a good analysis of water has 
shown that nine grains of that substance contain eight 

In wlnft manner doei tihe combination of bodiei take place T What is 
meant bj the law of fixed proportions 7 
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grains of oxygen and one of hydrogen, every Bubseqnafe 
analysis >vill correspond therewith. 

2d. The proportions in which bodies are disposed to 
unite with each other can always be represented by cer- 
tain numbers ; these numbers being, in facty the relatove 
weights of their atoms. Thus water is composed of an 
atom of oxygen and one of hydrogen, and inasmuch as 
the oxygen atom is eight times heavier than that of by- 
dro'^en, it necessarily follows that in every nine parts of 
water we shall have eight of oxygen and one of hydro- 
gen. These numbers are, therefore, spoken of as the 
combining proportion or equivalents of the substances 
to which they are attached. If, farther, we examine, 
when oxygen and sulphur unite, what are the relative 
quantities, we shall find that eight parts of oxygen com- 
bine with sixteen of sulphur, foiming byposulphurous 
acid. And if sulphur and hydrogen unite, it will be found 
that sixteen of sulphur combine with one of hydrogen. 
In this manner, by examining the various elementary 
bodies, we find that certain numbers are expres&nve of the 
proportions in which they are disposed to unite, and these 
numbers represent the relative weight of their atoms; 
thus, if 1 be taken as the atomic weight of hydrogen, that of 
oxygen is S, that of sulphur 16, &c. ; the atomic weights of 
the elementary bodies have been given in Lect. XXXIIL 

3d. If two substances unite with each other in more 
proportions than one, those propoitions bear a very simple 
arithmetical relation to one another; thus, 14 grains of 
nitrogen will successively unite with 8, 16, 24, 32» 40 
grains of oxygen, forming successively the protoxide of 
nitrogen, the deutoxide, nyponitrous acid, nitrous acid, 
and nitric acid. And when the numbers expressing the 
amount of oxygen are examined, it is seen that they are 
in the second twice, in the third thrice, in the fourth four 
times, and in the fifth five times the amount of the first; 
they are, therefore, simple multiples of it. The reason of 
this is plain when we write the constitution of these bodies 
in symbols ; they are successively, 

NO.. NO,. .NO,. .NO,. .NO,; 

What by the numerical law ? Give an example in each case. What 
do the numbers represent ? Give example! of tnese numbers. What it 
meant by the multiple law 9 Give an etxan^Ie of it in tha caaa of th* oomc 
pounds of nitrogen and oxygen. 
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and if one atom of oxygen weighs 8, two must weigh 16, 
three 24, four 32, &c.; the multiple law, therefore, is a 
necessary consequence of the combination of atoms. 

Observation has shown that there are two series ac- 
<K>rcling to which bodies may unite with each other. 

(1.) 1 atom of A may anite with 1, 2, 3, 4, 5, &c., atoms of B. 
(2.) 1 atom of A may miite with ^, 1, 1^, 2, 2^, 3, &c^ atoma <^ B. 

But as an atom is indivisible, there can be no such 
thing as a half atom; consequently the second series be- 
comes, 

(3.) 2 atoms of A may nnite with 1, 2, 3, 4, 5, &c., atoms of B. 

The three foregoing laws are known under the name 
of the laws of combination ; they are the law of definite 
pi*oportions, the law of numbers, and the multiple law. 

There are three ways in which the composition of a 
substance may frequently be expressed : 1 , by atom ; 2, 
by weight ; 3, by volume. Thus, the constitution of wa- 
ter, by atom, is one of oxygen to one of hydrogen ; by 
weight, it is one of hydrogen to eight of oxygen ; and by 
volume, two of hydrogen to one of oxygen. Thase dif- 
ferent modes of expression involve nothing contradictory ; 
they are all reconciled by the statement that the atom of 
oxygen is eight times as heavy as that of hydrogen, but 
only half the size. 

By some authors the terms combining proportion and 
equivalent are used ; they have the same signification as 
atomic weight. And as we know nothing of the absolute 
weight of atoms, but only their relative proportions to 
each other, we may select any substance with which to 
compare all the rest, and make it our unit or term of com- 
parison. In this book hydrogen is employed for this pur- 
pose, and its atomic weight is meu'ked 1 ; on the Continent 
of Europe oxygen is selected, and marked 100. It is 
obvious that this does not affect the relationship of the 
numbers, for it is the same thing whether we state the 
atomic weights of hydrogen and oxygen as 1 to 8, or as 
12Jtol00. 

What are the two series in which bodies may unite ? In what ways 
may die composition of a body be frequently expressed ? How is the ap« 
parent contraidiction of tlhese statements reconciled ? What do proportion 
and eqairalent signify? What is the substance with which all others 
art ooBi^ared fisr tlieir atomic weights in this book? What o&ier stand- 
ttda miglit be employeNl t 
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Combinations may take place in two different ways: 
Ist, in definite proportions; 2d, in indefinite propoitions. 
It is to the former that all the foregoing observatioiis and 
laws apply. One grain of hydrogen will not unite \Tith 
nine or seven grains of oxygen, but only with eight. But 
one drop of spirits of wine may combine with one of wa- 
ter, or with a pint, or a quart, or ten gallons. This is 
what is understood by union in indefinite proportions. 

When two gaseous bodies unite, their combining pro- 
portions bear a simple relation to each other ; one volume 
of hydrogen unites with one of chlorine, and produces 
two volumes of hydrochloric acid. And in the case of the 
five compound? s of nitrogen just referred to, two volumes 
of that gas combine successively with 1, 2, 3, 4, 5 of 
oxygen. 

A relation, therefore, exists between the combiniDg 
volume and the atomic weight of gaseous bodies. If the 
weight of a given volume of oxygen be called 1000, that 
of an equal volume of hydrogen will be 625, these num- 
bers representing, of course, the specific g^ravity of the 
two gases. The proportion in which they unite is one 
volume of oxygen to two of hydrogen to form water ; the 
relative weights of these quantities, therefore, would be 
100-0 to 6-25 X 2, that is, 1000 to 12*50, but these num- 
bers are the atomic weights of the bodies respectively. 
From such considerations, it was at one time supposed 
that, in the case of all gases, the specific gravities would 
correspond to the atomic weights. Experience has, how- 
ever, shown that this is not the case, as is seen in the 
following table : 



Gm, or Tapor. 



Spaiiftr GinTitie*. 



Airssl. Hydrei^^l. 



Chemiral EqumJeatd 



By VoloiiM. Br W««iiL 



Hydrogen 

Nitrogen 

Carbon (hypothetical) . 

Chlorine 

Iodine 

Bromine 

Mercury 

Oxygen 

Phosphoms .... 

Arsenic 

Solphor 



0-0690 
0-9727 
0.4213 
2-4700 
8-7011 
5-3930 
6-9690 
11025 
4-3273 
10-3620 
6-6480 



1-00 

1412 

6-12 

35*84 

126-30 
78-40 

101-00 
16-00 
62-8 

150-8 
96-48 



100- 
100- 
100- 
100- 
100- 
100- 
200- 

50- 

25- 

25- 

16-66 



1-00 
14-15 

612 

35-42 

126-30 

78-40 

202DO 

8-00 
15-70 
37-7 
16-10 



What are the two modea of combination? What relatibri is obserred 
when gasea combine by vohime ? What U the relation between apeoifio 
gravities and atomic weights 7 
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From this it is seen, that if the combiDing yolume of 
hydrogen, nitrogen, or chlorine be taken as unity, that of 
oxygen is one half, of vapor of phosphorus one fourth, and 
of vapor of sulphur one sixth. 



LECTURE XXXVI. 

Constitution of Bodies. — CaXadatian of Specific Grav- 
ities, — Crystallization, — Systems of Crystals, — DimoT' 
phism.— Isomorphism,— Isomorphous Groups,— Isomer- 
ism, — Metameric and Folymeric Bodies. — AUotropic 
States of Bodies, 

On the principles which have just been developed, we 
can oflen calculate the specific gravity of a compound gas 
with more accuracy than it can be determined cxperi- 
mentally. Thus, hydrochloric acid, which consists of 
equal volumes of chlorine and hydrogen united, without 
condensation, must have a specific gravity of 1*2695, be- 
cause the specific gravity of hydrogen being 0*0690, and 
that of chlorine 2*4700, the sum of which, 2*5390, is the 
weight of two volumes of hydrochloric acid, and, there- 
fore, if we divide by 2, the quotient, 1*2695, is equal to 
the weight of one volume ; or, in other words, the specific 
gravity of the compound gas. 

Sometimes, also, we can determine the specific gravity 
of a vapor, by calculation when it is impossible to do so 
experimentally. Assuming that one volume of carbonic 
acid gas contains one volume of oxygen and one of car- 
bon vapor, yre have, 

Specific gravity of carbonic acid . . . 1*5238 
" « oxygen 1-1025 

" " carbon vapor . . . '4213 

The hypothetical specific gravity of the vapor of carbon 
is therefore *4213. 

The rule for the calculation of specific gravities, on the 
foregoing principles, is, " Multiply the specific gravities 
of the simple gases or vapors respectively by the volumes 
in which they combine, sidd those products together, and 

How may the specific gravity of a compound gas be determined 7 How 
is the hypodietical specific gravity of tne vapor of carbon determined ? 
What is die rale fi>r the calculation of the specific gravities of oompovid 
gases from those of their oonstitaents 7 



ise 
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divide the sum by the number of yolumes of the componDd 
gas produced." 

It frequently happens that substances assuming the 
solid form, from the liquid or vaporous states, take on a 
geometrical figure, being terminated by sharp edges and 
solid angles ; under such circumstances, they are said to 
crystallize. Thus, common salt will crystallize in cubes, 
and nitrate of potash in six-sided prisms. 

The various geometrical forms which crystals can thus 
assume may be divided into six classes, or systems : 



1.) The Regular system. 
2.) The Rhombohedral system. 
3.1 The Sqaare Prismatic system. 
4.) The Ri^ht Prismatic system. 
(5.) The Oblique Prismatic system. 
(6.) The Doubly Oblique Prismatic system. 



This division is founded on the relations of certain lines, 
or axes, which may be supposed to be drawn through the 
center of the crystal round which its parts are symmetri- 
cally arranged. 

THE REGULAR SYSTEM. 

This has three equal axes at right angles to each other. 

Fig. 1S4. 




The letters a a show the direction of the axes. The 
%ure {Fig. 134) represents, 1. The cube; 2. Regular oc- 
tahedron ; and, 3. Rhombic dodecahedron, 

THE SQUARE PRISMATIC SYSTEM. 

This has three axes, two of which are equal, and the 
third of a different length. 

a « is the principal axis; b b the secondary one. In 
the figure {Fig. 135), 1 is a right square prism, with the 
axes on the center of the sides, b b; 2 is a right sqttare 

What are the six systems of crystallization ? Upon what hct is tins 
division founded 1 In the req;ular system, what is the relation of the axes T 
In the sqaare prismatic system, what is their relation 7 



STBfUIS or OtTflTAIXtSATlOlt,. 
Fig.lti. 




pritm, mth the axes in the edges ; 3 and 4 corresponding 
right *q*are octahedrons. 

THE BWHT PRISMATIC STSTEH 

has three axes, a a, b b, c c, of unequal Icn^hs, at right 
angles to each other. 

Fig. 13B. 




In the figure (Fig. 136), 1 is a rigit rectangulaT pritm/ 
2. Right rhombic jiriam ; 3. Right rectangular baaed octtf 
kedron; 4. Right rhombic based octahedron. 



placed 
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The edge of the cryBtal, which is formed by the two fe- 
ces whose inclination is to be measured, is to be set par- 
allel to the axis of the instrument ; and having, by means 
of the button, <?, turned the crystal until some definite ob- 
ject, such as the bar of a window, is seen distinctly reflect- 
ed from it, the larger milled head is turned, and with it 
the divided circle and crystal, until the same object is 
again seen by reflection from the second face. The an- 
gle through which the great circle has moved, subtracted 
from 180^, gives the angle included between the two crys- 
talline faces, or their inclination to each other. 

As a general rule, the same substance, crystallizing un- 
der the same circumstances, will produce crystals belong- 
ing to the same system. Cases, however, are known in 
which the same substance belongs to different systems. 
Thus, sulphur will crystallize in rhombic prisms,r and also 
rhombic octahedrons. By dimorphous bodies we there- 
fore mean substances which will afford crystals belonging 
to two different systems. 

Dimorphism is frequently connected with the tempera- 
ture at which the crystals were pi^oduced. Thus, carbon- 
ate of lime, at ordinary temperatures, yields rhombobe- 
dnms, but* at the boiling point of water right rhombic 
prism's ; and with this difference of form a difierence of 
chemical qualities may occur; the bisulphuret of iron, 
for example, crystallizes in cubes which remain unacted 
upon by water or air ; but in its right rhombic form it un- 
dergoes rapid oxydation in moist air, producing sulphate 
of iron. Commonly one of the forms of a dimorphous 
body is less stable than the other, and if the transition 
takes place abruptly, it is sometimes attended by a flash 
of light. 

It was discovered by Mitcherlich, that when different 
compound bodies assume the same form, we are oflen 
able to trace a remarkable analogy in their chemical com- 
position. Thus, the chloride of sodium, the iodide of po* 
tassium, the fluoride of calcium, &c., crystallize in the 
first system. These substances are all constituted upon 
a xommon type, in which we have one atom of a metal 

What is meant by dimorphous bodies 7 What effect has temperature on 
the formation of crystals ? Is dimorphism connected with pecuUarities in 
the chemical qualities of bodies ? What relation is there in Uie form and 
composition of iodide of potassium and chlorida of sodium ? 
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naitcd to one atom of an electro-negatiTe radical ; or, 
taking M as the general symbol for the metals, and R for 
the electro-negative radicals, the class is constituted upon 
the type 

M,R, 

and, therefore, includes such bodies as 

KCl..NaCl..KBr.,KF.,CaF.AmCl...^c. 

Sach substances aref called isomorphous bodies, and the 

designations, isomorphous elements, isomorphous groups, 

are used, being derived from loo^, equal, y-opfj^, form. 

Let us take a second more complicated case. The 

formula for conmion alum, the sulphate of alumina and 

potash, is, 

KO. SOt + Alt 0„ 3SOi + 24HO. 
Ammonia alum u AmO, SU, - - Al^ O,, 330^ - - Z4HO, 
Cbrome alum it KO, SO^ - - Cr, 0„ 3 SO» - - ft4HO. 
Iron almn is KO, SO^ + Fe^ O^, 3SO» -|- 24^0. 

And in the same way an extensive family of alums may 
be formed by the substitution of a limited number of vari- 
ous other bodies comprised in the general formula, 

mO, SO:, + M^ O3, SiSOa + 2iH0, 

in which m represents any metal belonging to the potas- 
sium group, and M any one belonging to the aluminum 
group. 

All these alums crystallize with the same form, and 
such illustrations afford us reason to believe that that sim- 
ilarity of form is due, in a great measure, to the grouping 
or arrangement of the constituent atoms ; that in a com- 
pound Tnolecule the substances which can replace one an- 
other without giving rise to a change of external form must 
have certain relationships to each other. We call the^n, 
therefore^ isomorphous. The following ten groups have 
been established : 



1. 

Silkier Ag 

Gold Au 

S. 
Anenioua Acid (in iu 
mraaaal fons) . . . An Os 



Sesqnioxide of Antimo- 
ny 8bi O3 

3. 

Alamina Al% O3 

Set qaioxide of Iron . JFa Oi 

" Chxomiom Cn Oa 



Why are they called iaomofrphoos bodies ? Give an example of iso- 
morphinn ia the case of the aJams. W^bat eeneral conclusion may be 
drawn from these facts ? How many isomorphoos groups have been de> 
tecmiiMd f Snamerate the members belongmg to each. 

02 
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UCBO 

4. 


dXkna ^^« 


PhospluNic Acid . . . 
Anenic Acid .... 


Pi Ob 
A9i Oi 


5. 
Snlphanc Acid . . . 
Selenic Acid .... 
Chromic Acid .... 
Maaganic Acid . . . 


8 0i 
SeOs 
CrOs 
Mn Oz 


6. 
Hyperman^anic Acid . 
Hyperchlonc Acid . . 


MniOj 
ClOi 


7. 

BaltJ of Potash . . . 

Salts of Oxide of Am- 

moniam 


K.O 
Am O 



u 



i« 



M 



Besquiozide of Man^- 

^ Oxide of Silver . . . A^ 

Oxide of Sodiam , . TmO 
9. 

Baryta Ba O 

Strontia .,,.,. 8r O , 

Lime (in arragonite) . Ca O 

Oxide of Lead . . . Pk,0 

10. 

Lime (in Iceland apar) Ca 

Magnesia Mg 

Protoxide (tf Iron . . FeO 

" Manganese Mm 

Zinc . . Zn O 

Cobalt . Co O 

Nickel . NiO 

Copper . Cu O 
Lead (in 

plnmbo calcite) . . Pb.O 

From the external forms of bodies we may next turn 
to their internal constitution, calling to mind what has 
been already observed in Lecture XXXIV., that identity 
of composition by no means implies identity of character. 
Two substances may be composed of the same elements, 
united in the same proportions, and yet be totally unlike ; 
and it is obvious that this may be due to two different 
causes : 1st. Difference of grouping ; 2d. Difference in 
the absolute number of atoms. 

Difference of grouping I have already explained in the 
lecture just quoted ; and with respect to difference in the 
absolute number of atoms, the effect is obvious &om an 
example. Thus, we have as the constitution of 



Aldehyde 
Acetic ether 



C^ff^Oi. 
C^H.O^. 



And these bodies, if analyzed, would, of course, yield pre- 
cisely the same proportions in 100 parts, the true differ- 
ence being ; that the atom of acetic ether contains twice 
as many constituent atoms as that of aldehyde, and is, 
therefore, exactly twice as heavy, though equal weights 
of the two will yield equal quantities of their constituents. 
To these peculiarities the tenii isomerism is applied, 
and by isomeric bodies we mean bodies composed of the 
same elements in the same proportion, but differing in 
properties. When isomerism arises from difference in 
grouping, the bodies are said to be metaraeric ; and when 

What two causes may give to bodies of the same composition different 
characters ? Give an example of the effect of difference of the absolate 
number of atoms. What is meant by isomerism 7 
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Lt arises Grom difference in the absolute number of atoms, 
they are called polymeric. 

Attention has recently been drawn to a third cause, 
nrhich gives rise to the phenomena of isomerism : it is the 
iillotropic condition of elementary bodies. Carbon, for 
example, exists under a number of different forms ; we 
find it as charcoal, plumbago, and diamond. They differ 
ID specific gravity, in specific heat, and in their conduct- 
ing power as respects caloric and electricity. In their 
relations to light, the one perfectly absorbs it, the second 
reflects it like a metal, the third transmits it like glass. 
In their relation to oxygen they also differ surprisingly ; 
there are varieties of charcoal that spontaneously take 
fire in the air, but the diamond can only be burned in 
pure oxygen gas. The second and third varieties do not 
belong to the same crystalline form. 

It is now known that a great many elementary substan- 
ces are affected in this manner. I have shown that this 
is the case with chlorine gas, which changes under the in- 
fluence of the indigo rays (Phil. Mag., July, 1844). In 
the same manner, it has been long known that iron exists 
in two states : 1st. In its ordinary oxydizable state ; 2d. 
In a condition in which it simulates the properties of pla- 
tinum or gold. 

There can be no doubt that these peculiarities are car- 
ried by these bodies when they unite to form compounds ; 
thus, for example, if carbon and hydrogen unite, it is pos- 
sible we may have three different compounds ; one con- 
taining charcoal carbon, a second plumbago carbon, a third 
diamond carbon ; or, if we designate these respectively as 
Ca, 0(3, Cy, we may have 

CaH...CpH...OYH; 

and perhaps, as M. Millon has suggested, carbureted hy- 
drogen gas and otto of roses, which have the same con- 
stitution, differ, in the one containing charcoal and the oth- 
er diamond. 

These peculiarities are known under the name of allo- 
tropic states, and the phenomenon itself under the desig- 
nation of allotropism. 

Wliat are metameric bodies 7 What are polymeric bodies 7 "Wliat is 
meant by the allotropic condition of bodies ? What allotropio states does 
caxbcm present ? How may an allotropic change be impressed on chlorine f 
What are Ae aUottopic states of iron ? Are ttiese pecoUarities continaed 
in tiie oompoands ^ 
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LECTURE XXX VII. 

Chemical Affinity. — Phenomena accompanying Chem- 
cal Affinity, — Disturbance of Temperature, — Production 
of Light, — Evolution of Electricity. — Change of Color. 
— Change of Form, — Change of Chemical Propertiei.-— 
Change of Volume and Density, — Tables (tf Geoffroy. — 
Measure of Affinity, — Disturbing Causes. 

Bt chemical affinity we mean the attraction of atoms 
of a dissimilar nature for each other, an attraction which 
is exhibited upon the apparent contact of bodies. 

There are certain striking phenomena which yery fre- 
quently accompany chemical action. They are the evo- 
lution of Light, Heat, and Electricity; and, as respects 
the bodies engaged, they may exhibit changes of color, of 
form, of volume, of density, or of their chemical proper- 
ties. 

Fig. 143. If, in a glass vessel, a {Fig. 143), a mixture of 
strong sulphuric acid and water be stirred togeth- 
er by means of a tube, b, containing some sul- 
phuric ether, so much heat will be evolved by 
the acid and water as they unite, that the ether 

will be made to boil rapidly. 

If, upon some water contained in a shallow dish (Fig. 
Fig. 144. 144), a piece of potassium be thrown, the 
potassium decomposes the water with the 
evolution of a beautiful lilac flame. 

As respects the evolution of electricity 
during chemical action, the Voltaic battery, 
and, indeed, all Voltaic combinations, are ex- 
amples. In the simple circle we have already, in Lec- 
ture XXVIII., traced the production of electricity to the 
decomposition of the water. 

We have observed that the evolution of the imponder- 
able agents is not the only phenomenon to be remarked 
during the play of chemical afRnity, the ponderable sub- 
stances themselves undergo changes. 

What is meant by chemical afHnity ? What phenomena accompany 
chemical action '' What changes are exhibited by the ponderable bodiei 
themselyes t Give examples of the evolation of heat^ light, and electricity. 
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If, in a glass containing litmus water, a drop of sul- 
phuric acid is poured, the hlue color of the litmus is at 
once changed to a red, and if into the reddened liquid so 
produced a little ammonia is poured, the blue color is 
restored. This simple experiment is of considerable in- 
terest, for the reddening of litmus is commonly received 
as one of the attributes of acid bodies, and the restoration 
of the blue color of those belonging to the alkaline type. 

On adding to a solution of sulphate of copper a small 

Quantity of ammonia, a pale green precipitate is thrown 
own ; a greater quantity of ammonia redissolves this pre- 
cipitate, and gives rise to a splendid purple solution. 

A similar solution of sulphate of copper gives rise, un- 
der the action of a solution of ferrocyanide of potassium, 
to a deep chocolate-colored precipitate. 

A solution of the nitrate of lead, which is colorless, act- 
ed on by a solution of iodide of potassium, also colorless, 
gives rise to the production of a beautiful yellow precipi- 
tate, the iodide of lead. 

And, lastly, if sulphuric acid be placed in a solution of 
a soluble salt of lead, or of baryta, a white precipitate at 
once goes down. 

These are all instances of changes of color, and such 
changes are of the utmost importance in practical chem- 
istry, inasmuch as the art of testing depends, for the most 
part, upon a knowledge of them. 

Changes of form in the same manner are exhibited ; 
thus, when gunpowder explodes, a large proportion of the 
ingredients, fix>m being in the solid, escapes m the gaseous 
state. If, upon fragments of chalk, carbonate of lime, we 

Sour hydrochloric acid, a violent effervescence takes place, 
ue to the escape of carbonic acid, which, from being in 
the solid, assumes the gaseous form. 

The converse of this is sometimes seen, va- ^>J^- 
porspassing into the solid state. In the glass, 
a {Fig* 145), place some strong hydrochloric 
acid, and in h some strong ammonia ; both these 
bodies yield vapors at ordinary temperatures in a^ 
abundance, and those vapors meeting in the air 
over the glasses, give rise to a dense fume, or smoke, 
which, if examined, proves to be solid sal ammoni ac. 

Give - ezamplet ci changei of color. On what do the prmsefftei of 
tutinff for die most part depend 7 Qivo ui examide of ^Sb» production of 
a gMntNn a lolid, and a soud from gasei. 
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Very alien change of form is accompanied 
by cfaange of color ; thus, if under k large bell 
jar {Fig. 146) there be placed a wine-glau 
containing a few copper or iron nails and nitric 
acid, a gaa of a deep orange color makes iu 
appearance, filling the whole bell. 
' PerfaapB no better instance of mi entire 
change of properties could be cited than that of the com- 
bustion of phosphorus in atmospheric air. This substance 
«/■ '•'- phosphorus is a body of a waxy appear- 
ance, poMesaing so great a degree ofcom- 
bustibility that it requires to he kept un- 
der the surface of water to prevent the ac- 
tion of the air. If a piece of it be set on 
fire beneath a clear and dry bell jar, as 
shown in Fig. 147, it' unites with great 
energy with the oxygen of the included 
air, producing white flakes, which, as the 
combustion is ceasing, descend in the jar, giving a min- 
iature representation of a fall of snow. On collecting some 
of this phosphoric snow, its properties will be found to be 
in striking contrast with the phosphorus which produced 
it; for instance, far from being unacted on by water, it 
has such an intense afEaity for that substance, tliat it 
hisses like a red-hot iron when brought in contact with 
it. It reddens litmus solution, and possesses the quali- 
ties of a powerful acid. Nor is the change confined to 
the phosphorus ; if we examine the air in which it was 
burned, we find it has lost its quality of supporting com- 
bustion. 

Changes of volume, and, consec^uently, changes of dens- 
ity, constantly attend chemical action ; a pint of water and 
a pint of sulphuric acid, mixed together, form leas thin 
two pints ; and the same may be observed of alcohol and 
water. 

When to t^o substances already in union, a third, bal- 
ing a stronger afiinity for one of the other two, is present- 
ed, decomposition ensues. Thus, if to the carbonate of 
soda nitric acid be presented, the soda and nitric acid com- 
bine, and the carbonic acid is driven off in the form of & 

What (re the changei which pboiphonu nndergoei when bnmed b 
the UT 1 Qift ui oiuople of cbsu^ of ndmne ana ot dwirily. Uad* 
what ttraomituMu does dsconpasiBoa take plan* t 
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gas. And, aeain, if upon the nitrate of soda so produced 
sulphuric acid is poured, the nitric acid is driven off, and 
sulphate of soda results. It was at one time thought that, 
by examining a number of such cases, we might discover 
the order of affinity of bodies for one another and arrange 
ihem in tables ; these are sometimes called the Tables of 
Geoffroy. Thus, the table 

Soda. 



Sulphuric acid. 
Nitric 

Muriatic " 
Acetic " 
Carbonic ** 



presents us with the order in which a number of acids 
stand in relation to soda, the most powerful being the first 
on the list, and the salt which results from the union of 
any one of those acids with the soda can be decomposed 
by the use of any other acid standing higher on the list. . 
But it is now known that these tables are far irom rep- 
resenting the order of affinities ; a weaker affinity oflen 
overcomes a stronger by reason of the intervention of 
disturbing extraneous causes ; and tables so constructed 
lead, therefore, to contradictory conclusions. Some very 
simple considerations may illustrate this. Potassium can 
take oxygen from carbon at low temperatures, or, in other 
words, decompose carbonic acid gas, but it by no means 
fellows that the affinity of potassium for oxygen is great- 
er than that of carbon, and accordingly we find that at 
higher temperatures carbon can take oxygen from potas- 
sium. Indeed, under the influence of heat, light, and 
electricity, we find all kinds of chemical changes going 
on, and in the same manner the condition of form exerts 
a remarkable influence in these respects, so that cohesion 
and elasticity may be placed among the predisposing caus- 
es producing chemical results. If a number of bodies 
exist in a solution together, they will at once arrange 
themselves in such a way under the influence of cohesion 
as to produce insoluble precipitates, if that be possible ; 
or, under the influence of elasticity, to determine the evo- 



What are the tables of Geofih>y ? How may it be shown that these 
ira not tables of affinity ? What may be eimmerated among these dis- 
torfaing causes t What is the influence of cohesion ? What is the infln- 
aaoeof elaaticitj ? Oive examples of the action of these disturbing agents. 
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lution of a gas ; if the carbouate of soda is decomposed 
by acetic acid, it by no means follows that the latter has 
the stronger affinity for soda, the decomposition being 
probably determined by the fact that the carbonic acid 
can take on the elastic form and escape away as a gas. 
The sulphate of soda may be decomposed by baryta, the 
cause of the decomposition being probably due to cohe- 
sion, for the sulphate of baryta which results is a very in- 
soluble body. We have, therefore, no true measure of 
affinity, for the relation of bodies in this respect changes 
with external conditions, and the tables of Geoffix)y are 
only tables of the order of decompositions, but not of the 
order of affinity. 

WTias do the tablet of Gtoofflny, in reality, expreM t 



PART III. 

INORGANIC CHEMISTRY. 



LECTURE XXXVIII. 



Pnbumatic Chemistry.^ — Ancient Opinions on the Con- 
Btitution of the Gases, — Doctrine of the Unity of Air, 

QzYOEN Gas. — Modes of Preparation. — Properties, — Ori- 
gin of its Name, — Relations to Atmospheric Air and 
Combustion, — Burning of Metals, 

In the catalogue of the elementary bodies of the an- 
cients four substances were included, eaith, air, fire, and 
water. The progress of knowledge has shown that three 
out of the four are compound bodies. 

For a length of time it was supposed that the various 
exhalations and vapors were nothing more than vitiated 
forms of atmospheric air ; and though from time to time 
first one and then another of the gaseous bodies was dis- 
covered, chemists were slow to admit that they were any 
thing more than modifications of one common principle. 
Thus, Roger Bacon, in the thirteenth century, discovered 
one of the carburets of hydrogen, and Van Helmont, in 
the sixteenth, carbonic acid. The invisibility of these 
bodies, their remarkable chemical relations in oxtinguish- 
ing flame and producing death, the great mechanical force 
to which they often gave rise when generated in pent-up 
vessek, their occurrence in mines, the bottom of wells, in 
church-yards, and lonely places, suggested to a supersti- 
tious mind a supernatural origin, and Van Helmont gave 
them the name of gas, corrupted from gahst (or geist), 
which signifies a ghost or spirit. 

But it is to the researches on the properties of fixed air, 
which Black made about 1750, that pneumatic chemistry 
owes its origin. These were soon followed by the dis- 
coveries of Priestley, Scheele, and others. That of oxygen 

What opinions were formerly held respecting the different gases ? 
Whit was the original signification of the term gas ? By whom was the 
doctrine of the plarality of airs established 7 

P 
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gu. h\ the former i>f tbeae phi]u«aphers. in 1781,foreT« 
deatruyi-J ike aniieDi ttoitou of Tiiiated airs ; for this gts 
can support combustion and respiratian fsr better tban llw 
atmospbere. ll maT be said with justice that modem 
cbemistty dales its origin from tbe discovery of oxygen gas. 

OXYGEX. = ff1ll3. 

Osvcen gas is probahlr the most abundant of the ele- 
ments. It cuDstitutes about one third of the weight of the 
•olid mass of the earth, ei^it ninths of that of the wlUn 
of the sea, and one fifth tbe vulume of tbe air. 

A simple mode of preparing oxygen is to plaea iaan 




tort, a. Fig. 148, some red oxide of mercury, i 
with the retort a receiver, b, bom which there paMM » 
bent tube, c, which dip beneath the water of a pnenmttK! 
trough, g. On raising the temperature of the oxide bj 
the flame of a spirit lamp, it ia regolved into metallic ^le^ 
cury and oxygen gaa ; the former diatillfl into the receiver i, 
and the latter collects ia the iuTerted jar of the trough. 

Another proccSB ia to place the peroxide of maiigaiieM 
{M». Ot) in an iron bottle, from which a tube, b, Ftg. 149, 
projects ; this tube may be connected with another, yi bj 
means of a cork and an India-rubber tube, e. The bot- 
tle is to be arranged in a small furnace, and made red hot; 
the raanganeRo loses one third of its oxygen, which may 
be collected in a gas-bolder, as shown in the figure. 

The most convenient mode of preparing it is to place in 
B flask, o, J^^. 150, a mixture of chlorate of potaah and 

rroxide of manganese ; to the mouth of the flask a tube, 
. is adapted by means of a tight cork, the lower end of tbe 





tube dipping beneath a jar upoi: 

the pneumatic trough, e. On rais- 

ing the temperature of the flask by 

a spirit l&i^. oxygen gaa is freely 

evolved. The peroxide of man 

nsse takes no part in the chan 

but it causes the decomposition to t 

go on at a low temperature, and the gas is more r^idly 

WA firce. The change, being confineu to the chlorate of 

potash, ia therefore expressed as follows ; 

KO-\-ClO^... = ...KCl+0^\ 
that is, die chlorate of potash, at the temperature in ques- 
tion, has its atoms disari'anged, reapWiog itself into one 
atom of chloride of potassium and six atoms of oxygen gas. 

It may also be prepared by exposing a mixture of bi- 
ehromate of potash and sulphuric acid, or peroxide of 
manganese and sulphuric acid, to heat. 

Oxygen gas is a colorless body, having no odor nor 
taste. It is a non-conductor of electricity, and a bad re- 
dactor of light. It is a powerfully electro-negative ele- 
menL In specific gravity it is heavier than atmospheric 
air; for the air being I'OOO, oxygen is 1'1026, or, accord- 
ing to some chemists, I'llll. One hundred cubic inchea 
weigh about 34 gruns. Its atomic weight Is 8'013, hy- 
VThu an iti leading phyiioilpropeitieiit WhatuiHip«>ificgTaTi(yt 
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drogen being taken as 1*000. It has never been con* 
densed into the liquid state. 

To a certain extent it is soluble in water, one hundred 
volumes of that liquid dissolving about four of the gas, a 
fact of considerable importance in physiology, as it is upon 
the oxygen so found in water that aquatic animals depend 
for their respiratory process. 

On litmus water, or any blue vegetable solution, oxy- 
Fig. 151. gen exerts no action, as is easily shown by agita- 
ting it with such a solution in Hope's eudiometer 
{Fig. 151) ; but though it ifr not acid itself, when 
it unites with a great variety of bodies it gives 
rise to powerful acids, and from this circumstance 
its name was derived. Oxygen, ofi;^, acid, and 
yeweiVf to generate. 

The most important qualities of atmospheric air 

aiu due to the presence of oxygen gas. It is for this reas- 
on that the air suppoits combustion and respiration. The 
powers of oxygen, in this respect, may be illustrated by 
many striking experiments ; thus, if into a jar filled with 
Fig. 152. it, a stick of wood, with a spark of tire on its ex- 
C^ tremity, be immersed, it bursts out at once into a 
flame, burning brilliantly. 

On immersing a lighted taper in a jar of oxyeen 
{Fig. 152), the light becomes of a dazzling white- 
ness, the taper wasting rapidly away ; but it is to 
be observed that after a time the combustion de- 
clines, and finally the light is extingruished. 
If a piece of charcoal of barken an ignited state he 
^^^JlJ^ placed in a bottle of oxygen, the combustion 
goes on with great activity, a multitude of 
sparks being thrown off. When the char- 
coal is extinguished, if a little lime-water be 
poured into the bottle and agitated in it, the 
lime-water at once becomes of a milky white- 
ness ; for the carbon, during the combustion, uniting with 
the oxygen, produces carbonic acid gas, and this forms 
with lime a white insoluble precipitate, the carbonate of 
lime. 




1- 




^ Can it be liquefied ? Ii it solable in water ? From what cireamstanca 
u its name derived ? What are iti relations in the ordinary prtMetiei of 
comboation? Describe its effect on a lighted taper, and on ignited efaar- 
coal. 
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A piece of India-rubber set on tire, and immersed ii 
oxygen gas, bums with the emission of a dai- «,, im. 
Bling light. And if, upon a Hmall stand, £ 
burning sulphur is placed, and a jar of oxygen 
iaverted orer it, as shown in Fig. 154, tiie 
fight which is emitted is of a splendid blue 
color, and the smoke ascending up the middle 
<^ the jar, and falling in curious rings down 
ita sides, affords an illustration of the 
in which currenta are excited in gases. 

But it is' not alone such substances as wood, char*- 
cokI, or sulphur which will bum in oxygen gas; Kg. in. 
many bodies commonly regarded a.s incombustible O 
giTe rise to the same result. If a piece of steel ^S 
wire be rolled round into a spiral, and the ex- j"?^ 
tremily of it be dipped in melted sulphur, or SI 
wrapped round with cotton, so as to anord the ^ I 
i of introducing it in an ignited condition ^^^1 
»■ into oxygen gas, the '—==-' 

combustion is at once commu' 
nicated to the steel, which 
bums in a very brilliant man- 
ner, emitting scintillaiions. 

^ A stream of oxygen from a 

"■ ^te^""~ gas-holder, being thrown upon 
^B an iron nail made red hot in 

jr the flame of a spirit lamp, or 

||| placed in an ignited cavity in 

n ^ piece of charcoal, causes the 

M^^^ ii'on to hum with rapidity, 
*■ W^^^ emitting a shower of sparks. 

What is IH oBbet tm ignited nil[ihur ? Whtt i» ita effect on ■» ignited 
■itil. M inm €11' iteel { 

PS 




COMBUBTION IX OZTOKIf. 



LECTURE XXIX. 



OiYfl EM CONTINUED. — Dmmtmimd's LighL^Comhuttiont^ 
Photphonu. — Double Change ariiing in Ct>»»it«(wii.— 
TAe Jjavoiiierian Doctrine. — Baiic, Indifferent, and 
Acid Oxide$. — Pkytitdogical Rdation» of Oxygwt.— 
Supporter! of Combuttion.— Nature of Flame. — Ctm- 
Hancy of Heat evolved. — Vegetable Origin ef Oxt/gm 
in t!ie Air. 

If & piece of lime the size of a peppercorn be placed 
in the flame of a spirit lamp, through which oxygea gas 
ia directed by a blowpipe, the lime phosphoreacee pow- 
erfully, emittmg a light eo bright thai the eye can scarcely 
bear it. This is the origiaal form of what le called Dram- 
mond's light. The light, however, is still brighter when 
the oxyhydrogen blowpipe is employed. 

n_ ,„ The combustion of phosphorus in oxy- 

gen gas conatituteB one of the most brill- 
iant experiments. A piece uf lighted phos- 
L phorus immersed in an atmosphere of this 
1, bums with the evolution of a prodig- 
:s amount of light and heat, F^. 157. 
Notwithstanding the production of dewe 
I flakes of phosphoric acid interrening be- 
tween the eye and the burning mass, the 
light ia very brilliant. 

When any combustible substance is bunied in oxygen 
gas, two striking phenomena are exhibited ! a change in 
the combustible, and a change in the oxygen. A fragment 
of ignited charcoal rapidly wastes away, and the surround- 
ing gaa loses its power of supporting combustion. Until 
the time of Lavoisier, it was generally supposed that burn- 
ing was due to the escape of a certain principle, called 
phlogiston, from bodies, but he showed that in all these 
cases there is no loss of weight, and that, in reality, the 




What is the originaJ form of the Dnuninond light T Wliiit an the phe- 
Domeiui of the combnitioii of phmphunii in oxygBii T In theie combui- 
tiiHis, what changes t«ke place in the oxygen and in the bomizig hodf 7 
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combustion is due to the oxygen uniting with the burning 
body ; and if care be taken to collect all the products of 
the action, their united weight will be exactly that of the 
oxygen and combustible conjointly. Lavoisier was dis- 
posed to believe) that in all cases of true burning the nres- 
ence of oxygen is indispensable, an idea now known to 
be erroneous ; for light and heat are evolved in all cases 
where chemical action is going on with gi*eat intensity, 
no matter what may be the substances which happen to 
be present. 

In the Lavoisierian system of chemistry, oxygen was 
regarded as being the essential supporter of combustion ; 
and as, in many instances, it gives rise to the production 
of acids, it was also regarded as the essential principle of 
acidity ; and from this circumstance its name was derived, 
as has been already said. But so far from every acid 
containing oxygen gas, it is now well known that there 
are many from which this principle is wholly absent. If 
any substance in particular deserves the name of ** the 
acid former," it is hydrogen, for it is doubtful whether 
any powerful acid exists which does not contain hydro- 
gen. Basic substances, on the contrary, are characterized 
by containing oxygen. 

To the compounds which arise from the union of oxy- 
gen with other bodies the generic designation of oxides 
18 given ; and of them we have three classes. 1st. Basic 
oxides. 2d. Indifferent oxides. 3d. Acids. If M repre- 
Bents an electro-positive body, the basic oxides are con- 
stituted as follows : 

MO . . . Protoxide, nsufdly the most powerM base. 

M^Ot . . . Sesqnioxide, a weaker base. 

MOm . • . Deiitoxide, a still weaker base. 

MtO . . Suboxide, 

The oxides of manganese furnish a good example of 
the three classes : 



Protoxide of manganese 
Sesquioxide 
Deutoxide . 
Manganic acid . 
Hypermanganic acid . 



MnOi Indifferent oxide. 



TVhat was Lavoisier's theory of combustion ? What is the relation of 
oxygen to acid and basic bodies ? What is the generic designation for its 
oompounds 1 What are the three classes of compounds which it yields 7 
In tae basic, the indifferent, and the acid group, what is the general relao 
tioa of the oxygen 7 
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From which it may be inferred that, in a family of ox- 
ides of an electro-positive lv)dy,the most powerful base is 
that containing one atom of oxygen, and that, as the quan- 
tity of this element increases, indifferent bodies may be 
formed ; that is to say, those in which neitlier the basic 
nor acid qualities are well marked, and on a still farther 
increase acids are produced. In this respect, therefore, 
the original idea of Lavoisier respecting the character of 
oxygen is to some extent substantiated. 

In its physiological relations oxygen is a most interest- 
ing body. It is for the purpoi^e of introducing this ele- 
ment to the interior of the system that the respiratory 
mechanism of animals is devoted — a mechanism which 
differs according to their mode of life, the gills of a fish 
and the lungs of a man having the same ulterior object. 
If two jars are taken, one full of atmospheric air, and one 
of oxygen gas, and small animals placed beneath each, it 
will be found that in the latter those animals survive 
much longer than in the former. The gas introduced 
into the system arterializes the blood, and, eventually unit- 
ing vv4th carbon and hydrogen, keeps up the temperature 
to a standard point, which, in the human mechanism, is 
about 98^ F. Oxygen gas, therefore, is emphatically the 
supporter of respiration. 

The terqas, supporter of combustion and combustible 
body, formerly much used by chemical wnters, are ex- 
pressive of an erroneous idea. No substance is in itself 
a supporter of combustion, nor is any one intrinsically a 
combustible body. If a jet of hydrogen bums in an at- 
mosphere of oxygen, so, also, will a jet of oxygen bum in 
an atmosphere of hydrogen gas. In fact, both bodies are 
equally engaged in producing the result, combustion only 
taking place upon their mutual surface of contact. The 
division in question has arisen from the circumstance that 
the most familiar instances of combustion we witness 
take place in the atmosphere, which owes all its active 
qualities to the presence of oxygen. 

Combustion takes place only at those points where the 
uniting substances are in contact. The flame of a can- 



For what purpose is oxygen introduced into the system ? Wliy is it to 
be regarded as the supporter of respiration ? Is the division of bodies into 
combustibles and supporters of combustion a correct one ? What is the 
nature of flame ? 
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die is not incandescent tbrouglioat, but is a Fig. liS. 
mere superficies or luminous shell, '^^'ith a dark 
interior. In such a flame several distinct parts 
may be traced. Around the ^\-ick, a. Fig. 158, 
at the points 1 1, the light is of a blue color ; for 
here the air being in excess, the combustion is 
perfect. From this toward c the combustible 
matter predominates, and the light is most in- 
tense. A faint exterior cone, e e, surrounds the 
more luminous portion, but the interior at ft is 
totally dark, as may be proved by placing a 
piece of mica or glass upon the flame. It is pn)b- 
able that the light arises chiefly from the ignition of solid 
matter, for incandescent gases are only faintly luminous. 
The hydrogen of the flame is first burned, and for a mo- 
ment carbon is set free in the solid form at a very high 
temperature, its oxydation instantly ensuing. 

A gfiven weight of a combustible body, when burned, will 
always furnish a constant amount of heat. If an ounce of 
carbon be burned in a few moments in pure oxygen gas, 
the amount of heat disengaged appears to be very great ; 
though, in reality, it is the same that would finally be yield- 
ed by a slower combustion in atmospheric air. So, too, me- 
tallic iron becomes white hot when burned in oxygen, be- 
cause the combination goes forward with great rapidity ; 
but precisely the same amount would be yielded in the slow 
oxydation of rusting, though in the latter instance it might 
take years for the completion of the process. This is a 
fact of great physiological importance. 

We have just said that atmospheric air owes all its ac- 
tivity to the presence of oxygen, and as there are inces- 
santly combustivc processes going on, the tendency of 
which is to remove oxygen from the air and generally re- 
place it with carbonic acid — a result, also, which ensues 
from respiration, in every part of the earth where animals 
are found — it would appear a necessary consequence that 
the constitution of the air should incessantly change, the 
amount of oxygen declining and that of carbonic acid in- 
creasing. But in this respect the vegetable world exerts 

"Why do die different reeiona of a lamp flame diflPerin laminoos power? 
Ii there any di ffere nce in tne amottnt of neat evolved in rapid and m slow 
oonibaBtioDa T What are the caxuiei whudi itend to diminiBh the axnoant 
ofosygenindie tirT "^ 
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an opposite tendency to the animal ; for, under the influ- 
ence of the light of the sun, plants decompose carhonic 
acid g^s, setting free its oi^gen, and appropriating the 
carbon to their own uses. This beautiful fact was origin- 
ally discovered by Priestley, who found, that if some green 
Fig. iw. leaves were placed in a bottle, as in Fig. 159, con- 
taining carbonic acid gas, or, what is more conven- 
ient, water holding that substance in solution, so 
long as the sun does not shine on them no action \s 
perceived ; but if the bottle be set in the sun, bub- 
Dies of gas are rapidly disengaged from the leaves, 
and, rising up through the water, collect in the upper 
part of the bottle, and, if examined, prove to be very rich 
m oxygen, 

A question has arisen as to what principle the remark- 
able decomposition is due. I have proved, by causing it 
to take place in the prismatic spectrum, that it is due to 
the yellow ray of light, — {PhU. Mag., Sept., 1843.) 




LECTURE XL. 

Hydrogen. — Preparation and Properties of Hydrogen.— ^ 
Relations to Respiration. — Comhustibility, — Its Light- 
ness, — Explosive Combustion. — Production qfWater.'^ 
Oxyhydrogen Plow-pipe. 

HYDROGEN. /f=l. 
If a piece of potassium be wrapped in paper and rap- 
idly immersed beneath an inverted jar at the water-trougn, 
violent reaction soon sets in, a gas collects in the upper 
part of the jar, and the potassium, oxydizing, dissolves in 
the water. The gas so produced is hydrogen, and the 
decomposition is very simple, as shown in the following 
symbols : 

HO + K...-...KO^H; 

that is, water acted upon by metallic potassium yields ox- 
ide of potassium and hydrogen gas. 

In practice more economical processes are resorted ta 
Like potassium, metallic zinc can decompose water at or- 
dinary temperatures, but there is this difference between 

By what agency is this tendency compensated ? What is the principle 
of the decomposition of water by potassium ? 
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Chem, thai while the oxide gf potassium is veiy soluble in 
water, the oxide of zinc is nearly insoluble. A plate of 
polished 2inc immei-sed in water does not, therefore, give 
rise to a stream of gas, for the moment the incipient ac- 
tion has set in it ceases, the zinc becoming covered with 
an impervious pellicle of oxide, which cuts off farther 
contact with the water. 

If, however, we add any acid substance which can form 
with the oxide a salt soluble in water, the action will go 
OQ continuously, because the zinc can now expose a clear 
metallic contact. Such a substance is sulphunc acid. To 
make hydrogen, therefore, we take a bottle. Fig. 160. 
a. Fig. 160, and having placed in it some ~ 
strips of zinc, add sufficient water to cover 
them entirely, and then adjust to the mouth 
of the bottle a cork, through which two tubes, 
b and c, pass. Through* b sulphuric acid is 
poured in such a quantity as to excite a brisk 
but not too violent effervescence, and the gas, 
as it generates, passes out through c. It is absolutely nec- 
essary to allow a quantity of the gas to escape before at- 
tempting to collect it, because the first portions form, with 
the air in the upper part of the bottle, an explosive mix- 
ture ; but as soon as it is judged that the air is all expelled, 
we may proceed to collect the gas ; and whenever the pro- 
duction slackens, if more acid be added through the fun- 
nel tube, b, the supply may be kept up. 

Hydrogen gas is a transparent and colorless body, 
which exerts a powerful refracting action on light. When 
pure, it has neither taste nor smell, but, as thus obtained, 
It has a peculiar odor. It is the lightest body in nature, its 
specific gravity being 0*0694. One hundred cubic inches 
of it weigh 2*1 grains. The weight of its atom is taken 
as the standard of comparison of other atomic weights in 
this book; it is therefore =1. It exerts no action on 
vegetable colors, and is very sparingly soluble in water, 
one hundred cubic inches of that liquid dissolving about 
one and a half of hydrogen gas. Hydrogen has never 
been liquefied. 

As respects the animal economy, hydrogen gas does 

What is die reawm that zinc can not decompose water alone 7 How 
may hydnwen gas be made by the aid of zinc 7 What are the propertiea 
ofttds gaal 
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rcacbes. 



Fig. 108. The compressibility of water is at once dem- 
onstrated and measured by an instrument in- 
vented by CErsted, and represented in Fig, 168. 
It consists essentially of a strong glass cylinder, 
a a, filled with water, upon w^hich a powerfal 
pressure can be exerted by means of a piston 
diiven by a screw, h. In this cylinder of water 
a gage, represented on a larger scale by Fig. 
169, is ]>laced. The gage consists of a reservoir, 
e, prolonged into a fine tube, f; there is also a 
scale annexed. The reservoir and part f^ ^^^ 
of the tul>e are filled with water, and a 
small column of quicksilver, x, indicates 
the point on the tube to which the water 
The pressure exerted is measured by an 
air-u^agc, d, 

lif, now, this instrument be placed in the strong j 
glass cylinder, as seen in JFV^. 168, and pressure 
exerted by turning the screw, the air in the gage, 
rf, contracts and indicates the amount of that press- 
un^ ; at the same time, the small column of mercury, 
3*, descends in the tube, showing that the water con- 
tracts, and mensuring its amount. On turning the 
screw the other way, so as to relieve the apparatus 
of pressure, the air-gage comes back to its original 

i)oint, and the mercury in the fine tube ascends again, 
t is ohvious, therefore, that by this instrument we meas- 
ure the compressibility of the water contained in the res- 
ervoir, f?, without distending that reservoir, or in any man- 
ner altering its dimensions ; for a little reflection will 
Fiy.iTO. show thiit it is pressed upon equally on the in- 
^ side and outside, and therefore its dimensions are 
invariable. CErsted *s instrument shows that water 
is compressed 77.^77 pait of its volume for each 
atmosphere of pressure. 

The constitution of water was first clearly proved 
by Mr. Cavendish. It can be illustrated in a vari- 
ety of ways. Thus, if over a jet of burning hydro- 
gen a cold glass bell be suspended, as in Fig, 170, 
it becomes soon covered with a misty dew, and, 

D«8cribe GGrsted'a initrument for proving its compressibility. What is 
the nmouut of its compressibility 7 How may its composition be synthe^ 
ically illustrated? 
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t the experiment be prolong^, dropa of liquid finally 
rickle down tfae sides, and may be caught iu a vessel 
■faced to receive them. .When examined, this liquid is 
mod to be water. It has ariBen from tho union of the 
.ydrogen with atmoHpheric oxygen. 

If in a vessel over the mercurial trough twenty meas- 
im of pure hydrogen are added to ten meaaurea of pure 
otygen, and a small pellet of spongy platinum passed up 
bniugh the quicksilver, union between the two gases 
Bpidly takes place, ho that it is uaual, in order to moiier- 
Xe its action, to mix tlie spongy platina previously with 
. little pipe clay. As the gases unite, the mercury rises, 
intil at laBt they have totally disappeared. This beauti- 
ul experiment shows that the constitution of water by 
olume is 2 hydrogen to L oxygen, as has already been 
■id. 

The composition of water by weight was determined 

y Berzelius as follows: Let a flask, a. Fig. 171, con- 

ng. 171. 




uning sine and dilute sulphuric acid, be connected by a 
■ent tube, h, with another tube, d, contaming chloride of 
alciura ; the hydrogen which is consequently evolved 
rom the flask deposits any small quantity of water it may 
le contaminated with in the bulbs c c, and then passing 
hrough the chloride of calcium tube, d, is made perfectly 
iry. The tube d is connected with a tube of hard glass, 
ii which a bulb, e, is blown. This bulb is filled with a 
:nown weight of oxide of copper, which can be raised to 
. red beat by means of a spirit lamp, h ; and as the dry 
lydrogen passes over the ignited oxide it reduces it, form- 
How may the conitituCioo of water be proved «vntheticBlly by (pongy 
litmamT D«Kribe the method afBeizeliai ibr determinii^ tne compo. 
itioo of water by weight. 

Q2 
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ing with its oxygen water, and leaving pure metallic cop 
per. The water thus produced is partially collected m 
the hulby) and the rest of it is detained by a second chlo- 
ride of calcium tube, g. 

if, therefore, we weigh the tube t before and after the 
experiment, in the latter instance its weight will be less 
than the former, the difference being due to the amount 
of oxygen which has been remored. If^ also« we weigh 
the tubes y and g before and after the experiment, in toe 
latter case they weigh more than in the former, the diflw- 
ence being the weight of the water produced. Thna, k 
will be found that for every eight grains that the oxide 
of copper has lost nine grains of water have been pzo« 
duced, showing that the constitution of water is by weight 
8 of oxygen to 1 of hydrogen. 

Fig. 173. The composition of water may also be 

proved analytically as well as syndietically. 
it has been already stated that this can he 
done by the Voltaic battery in a very sat- 
isfactory manner. An apparatus suited for 
this purpose is shown in Fig* 172. The 
polar wires of the battery enter the sides 
of a globular glass vessel full of water, and 
over their terminations tubes are inverted 
in which to receive the gases. The hy- 
drogen is double the volume of the ox- 
ygen. 

Another form of the same apparatus 
is seen in Fig, 173. In a bent tuhe 
full of water, the platina wires, N P, 
are introduced by means of corks. On 
the current passing, oxygen is collected 
in one of the branches of the tube and 
hydrogen in the other. 

Lavoisier determined the composition 
of water by passing its vapor over pieces 
of iron made red hot in a tube. Thus, 
if from the retort, a. Fig. 174, containing boiling water, 
steam is passed through a red-hot iron tube, c c, filled 
with turnings of iron, or iron wire, decomposition takes 
place, black oxide of iron forming, and hydrogen gas 
escaping by the tube,yj into the gas-holder, m n. 

How may the analysU of water be effected 7 Beicribe die prindi^ of 
Layoigier'g aoalysii of water. 
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The chemical relationa of waier are of tlie utmost im- 
portance. It esertB a more general solvent action than 
any other liquid known, holding in solution gaseous and 
■olid anbstances, acids, alkalies, and salts. As respec 
gaseous bodies, the quantity which water will take up 
to a considerable extent dependent on pressure, and 
the case of salts, an increase of temperature very fre- 
quently increases its solvent powers. Salt-cryatals some- 
times contain a very considerable quantity of it, as is shown 
in the case of common alum, of which, if a Fig. its. 
mass be put upon a red-hot brick, Fi'g. 175, 
it melts in its own water of crystallization, and, 
after a great quantity of steam is thrown ofl", 
a dry residue remains. Crystals otien con- 
tain water in two different states, one portion 
known under the name of water of crystallization, which 
may generally be expelled by a moderate heat ; another 
portion known as saline water, which is with much more 
difficulty driven off. In the works on chemistry, the for- 
tnulte are constructed so as to indicate these different con- 
ditions of the water : Ag (aqua) being the symbol for the 
water of crystallization, and HO for the saline water; thus, 
FeO + SO, + HO + GAq, 

iw dofli water compare with other bodiei u mpecti solvent powerl 
it u meant t^ wafer of cryitBlLizBtuni, and iBlme water? How u 
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ia the symbol for green vitriol, which is therefore a sul- 
phate of the protoxide of iron, with one atom of saline 
water and six of water of crystallization. The latter is 
easily driven off by heat, but the former only at high tern* 
peratures, or by being replaced by some other body. 

Water unites with many acids with great energy. If 
mixed with sulphuric acid, and a thermometer immersed, 
the temperature will run up rapidly to above 2 1 2°. With 
basic bodies, the same results may be obtained as when 
quicklime is sprinkled ^vith water, or potash and sodt 
dissolved in it: toward acids water acts as a base; toward 
bases it acts as an acid ; and toward salts as an indiffereDt 

body. 

As found in nature, water is always impure. Rain- 
water and melted snow contain the various soluble gases 
which are in the air; spring, river, well, and mineral 
waters the soluble bodies of the strata through which they 
have flowed ; from these it can only be purified by the 
process of distillation. 

DEUTOXIDE OF HYDROGEN. j^03 = 17-013. 
There is another compound of hydrogen and oxygen, 
the deutoxide of hydrogen. It contains twice the amount of 
oxygen found in water, and is characterized by a remark- 
able facility of decomposition. It is a liquid substance, 
possesses bleaching powers, and is heavier than water. 



LECTURE XLII. 

Nitrogen. — Preparation of Nitrogen. — Properties, — Its 
Indifferent Nature, — Its Oxygen Compownds, — Atmos- 
pheric Air, — Constitution of, — Dimensions of, — Bjela- 
tions to Organization, — Density and Temperature, — Fix- 
ed and Variable CoTistitucnts, — Experimental Proofs of 
its Pressure, 

NITROGEN. A'= 1419. 

NrraoGEN gas is most readily procured from the atmos- 
pheric air by buiiiing phosphorus in a bell jar over the 

What is the relation of water to acids, bases, and salts 7 By what pro* 
cess is water puritied ? Wliat is the constitution and properties ol* the 
deutoxide of hydrotj^en? What is the process for preparing nitrog^en 1^ 
phosphorus T 
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pneumatic trough. If a piece Fig. 178. 

of phosphorus be laid in a cup 
{Fig, 176) and set on fire, all 
the oxygen in the air of the jar, 
<it willbe consumed, white flakes 
of phosphoric acid forming, and 
these, being finally dissolved in 
the water of the trough, d, there 
Ib left behind nitrogen, contami- 
nated to a small extent by the 
vapor of phosphorus. 

if nitrate of ammonia be placed in a retort, and the tem- 
perature raised until it emits protoxide of nitrogen, and 
at that moment, by means of a wire passing through a 
6ork in the tubulure, a piece of zinc is lowered down upon 
the melted mass, oxide of zinc is produced, and nitrogen 
gas escapes. The decomposition is very simple, 

NO,.Zn = Zn 0.,N, 

Nitrogefti gas is a colorless, tasteless, and inodorous 
body, very sparingly soluble in water, that liquid dissolv- 
ing but 1 J per cent, of its volume. It is lighter than at- 
mospheric air, its specific gravity being 0-976. Its atomic 
weight is 14*19. It does not support combustion nor respi- 
ration, and from the latter circumstance obtained formerly 
the name of azote ; but it does not exert any directly pois- 
onous agency on the animal system. 

Nitrogen gas is little disposed to unite with other bod- 
ies, except when either it or they are' in the nascent state. 
Its compounds, too, are prone to decompose from trivial 
causes ; hence it is among them that we find some of the 
most remarkably detonating bodies. Many animal and 
vegetable substances, into the composition of which it 
enters, are characterized by the facility with which they 
tend to undergo putrefactive changes, and, as we shall here- 
after find, ferments owe their remarkable powers to the 
presence of this element. 

Nitrogen unites with oxygen, and forms five different 
bodies, 

NO,.,NOi..,NO^,..NO^...NO,. 

Hovr may it be made from nitrate of ammonia f What are the proper> 
ties of tliui gas 7 Wliy does it give rise to so many explosive biodies 7 
To what is the property of ferments dae ? How many compoonds of oxygen 
and nitrogen are tnere ? 
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Pntoxiile of nitrDgen. [ R1n«u add. 

Deatoiide of nitrageii. ] Nitnc vjd. 

With oxygen, alao, it Ibmis atmospheiic air ; but tliii it » 
toixture, and not a compound, 

ATUOSPRESIC AIB. 

The mechanical properties and conatitutioQ of tha l^ 

mospbere are so importaat, tbat I shall hare introduce the 

consideration of them before passing to the deacriptkia of 

the oxides of nitrogen. 

The atmosphere consists chiefly of oxygen and nitn^^ 
gases, in the proportion of about 31 volumes of ibe former 
to 79 of the latter. It also contains a minute but esaentis] 
quantity of carbonic acid, which, however, vortea at dif' 
teicnt times, 10,000 parts of air containing, on an average, 
about five parts of this gas. Besides these, there are found 
in it variable quantitiea of the vapor of water, and traces 
of ammonia, sulpbureted hydrogen, and carbureted hj- 
drogen. It is a colorlesa, invisible, elastic substance, 81S 
times lighter than water, and is taken as the standard of 
comparison for the specific gravity of gases. Its specific 
gravity is, therefore, = 1-000, One hundred cubic inch- 
es of it weigh, at the mean temperature, and pressure very 
nearly 31 grains. 

There are many methods by which the analysis of the 
Ftg 177. . air can be effected. lire's eudiom- 

eter. Fig. 177, which consists of a 
siphon tube, closed at one end and 
open at the other, may be used for 
this purpose. Into the closed branch 
of the instrument, which is also grad- 
uated, a measured quantity of sir is 
introduced, and to it is added an 
equal volume of hydrogen. The 
bend of the tube is occupied by wa- 
ter, as shown in the figure, a column 
of air intervening between this water and the open ex- 
tremity of the tube. On this the thumb is closely pressed, 
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resenUd, and an electric spark passed through the 
nent by the aid of iu platina wires. This sets the 
on fire ; the colomn of air beneath the thumb acting 
spring to repress the movement at the time of the 
don. The amount of gas then left is aacertained on 
risions, and one third of the deficit represents the 
ty of oxygen originally present, 
enable Uie experimenter to operate on larger quaa- 
rf gaa, Brunner's instrument may ^ |jg^ 

d. It consists of a tube, a he, with ^r^— ^-, 
bulbs blown upon it ; these bulbs ^^ 
led with cotton which has been im- 
Bted with melted phosphorus. The 
B attached, hy means of a cork, to 
I vessel, d, filled with mercury. On 
ig the stop-cock, c, the mercury 
out, atmospheric air introducing 
aj a 6 c, and its oxygen being re- 
t by means of the extensive surface 
■■phorus which the cotton presents, 
mnently.hymeasuringthe mercury 
oas flowed out we ascertain the 
ity of nitrogen introduced into the vessel d, and the 
■ed weight of the tube a b c determines the amount 
gen. 

I result of such experiments shows that the atmos- 
i air is composed of from 20-79 to 21-08 parts of 
n in 100 volumes. By weight, its constitution is 

OTjgea .... S3'04 

Hitrogen . . - ■ TB-W 

lOO'OO 

J earth's atmosphere does not extend indefinitely 
pace, but terminates at an altitude of about fifty 

It forms, therefore, a mere film on the face of 
irth, for the diameter of the globe is nearly 8000 

If a representation of it were placed on a common 
o-inch globe, it would scarcely be one eighth of an 
hick. 

relations to the world of organization are full of in- 
, All plants come from it and all animals return to 
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it, 80 that it stands as the bond of connection between 
tliese orders of life. 

As we ascend to more elevated regions the air becomes 
less dense, for the obvious reason that, as it is a very com- 
pressible body, those portions of it nearest the ground 
have to sustain the weight of the superincumbent mass, 
and are therefore more dense ; but in the higher regions, 
where the superincumbent pressure is less, the air is more 
rare, as is shown in the following table : 



Height in Miln. 


Volume of Air. 


Baromtrtric IhcIm*. 


0- 


1 


30- 


2-705 


2 


15- 


5-41 


4 


7.5 


8115 


8 


3-75 


10-83 


16 


1-875 


13-525 


32 


•9375 


16-23 


64 


•46875 



which also shows that the great mass of the atmosphere is 
comprehended within a very short distance of the earth's 
surface. At different altitudes it is of very different tem- 
peratures, being colder as the altitude is greater. 

Of the constituents of the air, the oxygen and nitrogen 
are usually spoken of as fixed, the carbonic acid, ammo- 
nia, and water as variable. There are causes in operation 
which tend continually to impress changes in the amount 
of all these bodies. Every process of combustion, and the 
respiration of every animal, remove oxygen and replace 
it by carbonic acid. But the growth of plants has the re- 
verae action, removing carbonic acid and replacing it by 
oxygen, so that for many centuries in succession the con- 
stitution of the atmosphere is unchanged. 

Of the mechanical properties of the air, the first to 
Fig. 179. which we have to direct our attention is its press- 
~ ure, which takes effect equally in all directions, up- 
ward, downward, and laterally. Thus, if we take 
a glass tube several feet long, a. Fig. 179, closed 
at one end and open at the other, and having filled 
it full of water, place over the mouth of it a piece 
of card, 5, and turn it upside down, the card will 
not fall off, nor the water flow out; they remain, 
*as it were, suspended on nothing, but in reality sus- 

What are its relations to animals and plants ? Why does its dau^ 
decrease with the altitude ? How does its temperature vary 7 Which 
are die fixed, and which the variable constituents of the air 7 Qive mm9 
illustrations of the upward pressure of the air. 
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tabed by the upward preasure of the air. Or if we take 
a bottle, a. Fig. IBO, with a hole, i, half an inch l y. iwi . 
in diameter in the bottom of it, and having filled ' 
it with water, close the mouth of it with Uie fin- 
ger, it may be held up in the air without the w 
ler flowing out, although the aperture h ia wide J 
open. In this instance, again, it is the upward \ 
{Rvaaare of the air which austains the liquid. 

Let the glass globe a. Fig. 181, with its neck 
h, be inverted in some water contained ii 
e, and tlie whole covered by an 
ceiver. As the receiver is exhausted, 
of aJT pass through the water and escape away, 
but as Boon as the pressure is restored the 
water is forced out of the jar upward int 
globe. 

The air-pump enables us to exhibit in a very striking 
mannerraanyoi the chief mechanical propeities of the at- 
mosphere. Thus, if upon the plate of it there ^v, i^ 
be placed a glass receiver, a. Fig. 182, i 
H the air is exhausted from its interior, 

pressure retains the glass so firm- 
that it is impossible to lift it otf, 
but as soon as the air is readn; 
ted it can bo easily removed. 
within the receiver a a smaller one, h, be 

f laced, and oxbauation made, while a is fixed 
can be easily moved by shaking tlie pump, 
but on letting in the air, a becomes loose and 
i firmly pressed in contact with the plate. 

If over the mouth of a Kj.iss. 

jar. Fig. 183, placed upon 
the pump, the palm of 4 
the hand be laid, ai 





mm nnu i j»ui itad in Fig. iBs. 



it i 
pressed in close contact 
with the jar, and can only 
be removed by the exertion of a very con. 
siderable force. 

On a small plate, a. Fig. 184, furnish- 
ed with a stop-cock, b, terminating in a fine 

iwud praunre. DeMribe the expeii- 
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jet, c, let there be placed a tall glass receiver. The stop- 
cock being now screwed into the pump and opened, the 
air may be exhausted from the interior of the receiver 
and the stop-cock closed. But being now opened under 
the surface of some water in a cup, the water passes 
through the jet and rises to the top of the jar, forming a 
fountain in vacuo. 



LECTURE XLIII. 

Atmospheric Air. — Pressure of the Air. — Simple Means 
of Exhaustion, — Determination of the Weight of Air, — 
Amount of Pressure, — Elasticity of Air, — Exists in the 
Pores of Bodies, — Respiration of Fishes. — Measure of 
Elastic Force, 

The Magdeburg hemispheres, invented by Otto 
Guerick, who also mvented the air pump, illustrate in a 
very striking manner atmospheric pressure. They con- 
Fig. 185. sist of a pair of brass hemispheres, a b. Fig* 
185, with handles ; they fit, without leakage, to 
each other by a flange, so as to form a perfect 
sphere. One of them has a stop-cock, through 
which the air may be exhausted, and on this 
being done, it will be found almost impossible 
to pull them apart, though as soon as the air is 
readmitted, and its pressure restored to the in- 
terior, they will fall asunder by their own weight 

If over the mouth of an open receiver, a. Fig, 186, a 
J^ ig. 18 6. piece of bladder be tightly tied with a waxed 
thread, when the air is exhausted the bladder 
becomes deeply depressed into a spherical con- 
cavity by the superincumbent pressure, and 
finally bursts inward with a loud explosion. 
It is upon the principle of atmospheric press- 
ure that the various instruments used by surgeons for cup- 
ping act. One of the most simple methods of performing 
this operation is to place the cupping glass for a moment 
over the flame of a spirit lamp, and then transfer it rapid- 

Describe the fountain in vactio. What are the Magdebnxv hemis^ierei 1 
What is the principle illustrated in theie yarioiui expenmenti f How 
is the process of cupping performed ? 
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tlie skin. Spirits of wine, when bumine, forms a 
aige quantity of steam, which, of course, nils the in- 
of the glass in a rarefied state by reason of the high 
fratore of the flame. As soon as this steam con- 
B a yacuum is formed, and the soft surface on which 
ip is placed is pressed into its interior. 
: many of these experiments, an air pump is not nec- 
ly required, but simple contrivances will answer in 
ad. Thus, if we take an eight-ounce Fig. isr. 
(, Fig. 187, and fit to the mouth of it 
'^ b, through which there passes a piece 
B8 tube, c, drawn into a narrow jet at 
ctremity, but open at the other, by pla- 
he finger over the opening and intro- 
r it into the mouth, the air, by the ac- 
t the tongue and the muscles of the mouth, may be 
1 out to a great extent ; and when the exhaustion 
een carried, by this means, as far as possible, by 
ng the finger over the opening, it will close it, act- 
lerefore, as a valve. And now, if the bottle be turned 

9 down, as at e, the tube dipping beneath some wa- 
a cup, as soon as the fin- 
removed the water is press- 
ward, and forms a fountain 
uo. 

3 pressure of the air depends 
nly on the fact that it is a 
body, as may be proved by 
rect experiment of weighing 
or this purpose, let a light 
lask, fl. Fig, 188, fitted with 
Hcock, be counterpoised at 
ilance ; then let the air be 
iBted from it, and its weight 
nined again. It will now 
.nd lighter than before ; but 
opening the stop-cock it 
"egain its original weight, 
riments made in this man- 
how that a flask contain- 

10 cubic inches will, when 



Fig. 188. 




ibe a simple method by which partial exhaiwtion may be pro- 
ythemoatL How may the weight of ||ir be directly aBcertamed 7 
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exbaasted, weirfi about AirtT-one grains less, and there- 
fore we infer that that is the weight of 100 cubic incbes 
of atmospheric air. 

Atmospheric air is used as the standard of comparison of 
the specific gravities of other gaseous bodies. The process 
for the determination is yery simple. A glass globe, gt 

Fig, 189, holding 20 or 30 cu- 
bic inches, is exhausted of air, 
\ and by means of the stop- 
cocks, e dy attached to the jar, 
c, containing the gas to be 
tried. This gas, which is con- 
fined by mercury, has been 
passed through the drying 
tube, a, by the delivering 
tube, b, into the jar, which 
should be g^raduated. On 
opening the cocks, e d, the 
gas flows into the exhausted 
globe ; the quantity introduced may be determined on the 
graduarion, and its weight ascertained by the balance. 

There are several dififerent methods of stating the 
amount of the mean pressure of the air ; thus, we say that 
it is equal to 15 pounds on the square inch, or to a col- 
umn of mercury 30 inches long, or to a column of water 
30 feet long. 

That air is a highly elastic substance, can be readily 
shown. Under a receiver {Fig. 190) let there 
be placed a half-blown bladder, the neck of 
which is tightly tied ; as the air is removed from 
the receiver the bladder distends, Fig. I9i, 
but, on restoring the pressure, it 
becomes as flaccid as it was be- 
fore, showing that the air included 
in it expands and contracts as the 
pressure upon it is made to vary. 

This may be still better shown by taking 
a small India-rubber bag {Fig, 191), the 
mouth of which is closed tightly, and using 



Fig. 190. 





In what manner may the relative weight of other gases be determined f 
What is the pressure of the air on a square inch equaS to ? What is nearly 
the equivalent leng[th of a mercarial and water column ? How may Ae 
elasticity of air be illustrated 7 
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it instead of the bladder id the last experiment. On nre- 
^ing the air in the receiver, the bag begins to dJIatr, and 
may be extended to several times ila onginal dimcnsinna, 
aa shown in the dotted line ; but as soon as the pressure 
is restored, it returns to its original size. 

Nor does this expansion take place with a 
inconsiderable force. If a flaccid bladder be 
placed,asinJ^^.192,witb Be veral heavy lead- 
en weights put upon it, as soon as it is caus- 
ed to dilate by removing the pressure, it will 
push up the vreigbta. Nor does it lose its 
dastic force or spring by being long pent 
up in dose vessels. Some of tlio old chcm- . 
ists kept air compressed in capper globes for 
months, and found that, aa soon as an opening was made 
tor it, it expanded to its originnl dimensions. 

Let there be taken a glass bulb, a {Fig, 193), the open 
neck of which, h, dips beneath some water in nv. ibi. 
a jar, e, and let the bulb and tube bo full of 
water, with the exception of a small spaco oc- 
capied by atmospheric aii*. On covering the 
apparatus with an air-pump receiver, d, and 
exhausting-, the bubble of air, a, gradually ex- 
pands, and afler a time, as the action of the 
machine is continued, fills tho entire glass, both 
bulb and tube ; but as the pressure is restored, it con- 
tracts again, and goes back to its origintil size. 

By taking advantage of the expansibility of air under 
Fig. IM. reduction of pressure, we are able to dom- j^,, ,bj, 
onstrate its existence in the pores of many 
^ bodies ; thus, if we place in glasses of 
ter an egg {Fig. 194), an apple (Fig. 
I 195), or other such objects, and, c< 
I them with a receiver, exhaust, we sball 
I sea innumerable bubbles of air escaping I 
I through the water. The same observa- 
[ tion may be made in the case of many J 
liquids which hold gaaeous substances dis- 
solved. A glass of ale placed in an exhausted receiver 






iiHty of air be nhowTiby in Iniliii-nihtjer biiEt fjivo 

of tba imoniit nf Ihig furcc. Mii» mtj tlio pn-iuiiro oT ali 
-!'-■ bodioi t How niiyitrbBiliDWnla«sM 
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Fig. IM. (Fig. 196} foams from the escape of carbonic 
acid gaa, and even clear Hpring or river water, 
examined in the samematiiier(^^. fi^. in. 
197), is found to contain a la 
quantity of air in solution. 

This last fact is of considerable 
importaDce, for it is by the aid of | 
. this air that the respiratory functio 
of fishes is carried forward. O 
examination, however, it is found that this i 
r,. ,« not true atmospheric aii 

but a mixture, which is richer it 
gen. The atmosphere contains ', 
cent, of oxygen, but this gas co 
33. The cause of the difference ia tiie 
unequal solubility of oxygen and nitro- 
gen ; for the former gas, being much 
a more soluble, the water takes up 
relatively a greater portion of it from 
Fishes, therefore, respire tbi< 
} richness in oxygen making 
its inferior amount ; and when 
re placed in water which has 




been in an exhausted re< 
contained in a receptacle, 



they die. Their i 

extent, regulated by the air 

bladder, in their bodies ; by 

preasion of it they can descend, and by its expan- 

If they be placed in water iu a partially ex- 

ceiver, they float on the surface, or can only 

:> the bottom for a moment by violent muscular 

The necessity of air to the support of com- 
buBtion may be illustrated by comparing the 
length of time a candle will burn in a large 
receiver full of air, and in the same exhaust- 
ed, Fig. 199. In the latter case it speedily 
ut, the smoke descending to the bottom 
of the jar in the rarefied medium around. 

SubHtances prone to decay, such as meats 

^ and fruits, may be preserved for a length of 

time in vessels void of air. The t 
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iUoBtrated in Fig. 200. The 
ftuitB are placed in a large jar 
closed by a sound cork, covered 
with setUing-wax. Aamallhole 
is made through the cork, and 
the jar covered by an air-pump 
receiTer. On exhausting, the 
air passes out through the hole, 
and when the vacuum is per- 
fect the hole ia closed by melt- 
iDg die wax by the sunbeams 
oonvergod hj a convex lens, ■ 
the access of the air being thus 
cut ofi*. 

From the foregoing experiments and conei derations, it 
appears that the primary fact in pneumatics is, that the 
an* baa weight ; Irom this, by a necessary consequence, 
arises its pressure and the inequality of density of the at- 
mot^here at different altitudes. It also follows that the 
elastic force of the air must be precisely equal to the 
pressure upon it. In any given stratum of air, as, for in- 
Btance, that which rests upon the surface of the earth, the 
preesure of the superincumbent mass is equipoised by the 
elastic force ; if the elastic force were less, compression 
would ensue; if greater,dilatation. The pressure and the 
elastic fcaca must, therefore, be equal to each other. 



LECTURE XLIV. 

Athospbebic Air. — The Barometer. — Dacriplum of it.— 
Cave of the Phenomenon. — Proof that it is Ike Pretsttre 
of the Air. — History of the Invention. — PaickaV$ Ex- 
periment. — Illuttrations of the Nature of Pressure. — 
Variabiliti/ of Pressure. — Point of Perpetual Congela- 
titm. — Local XHslurhances in the Constitution <^th^ Air. 
— Digiuion of Gases.— The Air is a Mixture. — Mar- 
riotU'i Law. — Gay-Lussac's and Rudberg's Lata. 
If we take a tube of glass, a b. Fig. 301, page 200, more 

By wbat meaiM DU7 objecW be preMrred fnm iu infloeacet^ WbU 
U tbaraUtnibetwesBtiteprauaresnd tbaalubofonecif tba >iit 
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Fig- 2<>i- than thirty inches long, closed at one end and open 
at the other end, and, having filled it with quick- 
silver, invert it in a cup, c, filled with that metal, the 
mercury will not flow out of the tuhe, hut will 
remain suspended at a height of twenty-eight or 
thirty inches. If there be placed beside Fig.fot 
the tube a scale, d, divided into inches and fi 



ill 




decimal parts, the zero of the division 
coinciding with the level of the mercury 
in the cup, such an instrument forms the 
'^ barometer. 
The cause of the suspension of the mercury in 
the tube is the pressure of the air. This may be 
demonstrated by placing over the barometer a 
tall air-pump receiver, and exhausting. It will 
be found that, as the pressure in the interior of 
the receiver is reduced, the column of mercury 
in the barometer falls, and on restoring the press- 
ure it rises to its original point. 
nr. 20*. The same fact may be proved in another manner. 
H If a tube, upward of thirty inches long, the upper 
■^ extremity of which is closed by a piece of blaaaer, 
I be filled with mercury and inverted in a cup, as 
I shown in Fig, 203, the bladder will be found deep- 
I ly depressed, the pressure of the air in that cu- 
I rection being borne by it ; but if now a minute pin- 
I hole is made in the bladder, so as to allow the air 
I to press upon the top of the mercury, the column 
^kM^ rapidly descends, flowing out of the tube. 

The barometer was originally invented by Torricelli. 
Some plumbers, working for the Duke of Florence, found 
that it was impossible to make a pump which should raise 
water more than about thirty feet. This fact eventually com- 
ing to the knowledge of Torricelli, he suspected that the 
water rose in those machines in consequence of the pressure 
of the air, and not through Nature's abhorrence of a vac- 
uum, as was at that time supposed. But if the limit to 
which water can be raised by a pump is reached when the 
pressure of the column of liquid equilibrates the pressure 
of the air, it follows that if a heavier fluid than water be 



Describe the barometer. What is it which supports the mercurial col- 
wnn ? How may this be proved ? By whom was the barometer invent- 
ed? What were the ciroumstances <n the invention T 
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used, the height to which it can be raised is less. A pump 
ought, therefore, to lift quicksilver only about as many 
inches as it can lift water feet ; for the weight of these 
liquids is about as one to thiiteen and a half, and, accord- 
ingly, Torricelli found, by means of a small pump fixed 
to a long glass tube, that such, in reality, is the case. The 
barometer is a simplification of the scune apparatus. 

That it is the pressure of the air which sustains the mer- 
curial column was satisfactorily proved by Paschal, who 
reasoned that, if this were the case, the barometric column 
ought to be shorter on the top of a mountain than in a 
valley, because in the former position that pressure must 
necessarily be less. On the experiment bemg made, his 
reasoning was found to be true. 

The principle of the barometer may be illustrated by 
substituting for the pressure of air the pressure of a col- 
umn of water. Thus, if we pour some quicksilver into 
the bottom of a deep glass jar, a, Fig, 204, and Fig.^ 
plunge into it a long tube, h, open at both ends, 
the quicksilver will rise in this tube, so that its 
level on the inside will be coincident with that on 
the outside. But if now we begin to fill the jar 
with water, c, for every thirteen and a half inches 
in depth poured in, the quicksilver, d, will rise 
one inch, the mercurial column counterpoising 
the column of water. And, on the same princi- 
ple, the column of quicksilver in the barometer coimter- 
poises that of the air to the top of the atmosphere. 

Mr. Boyle discovered that the pressure of the air is not 
always the same, but it undergoes many variations, the 
mercurial column sometimes falling near to 21 inches, or 
lising above 30. The range is commonly estimated at 
2*5 inches. It is considerably less in the tropics. These 
changes of pressure are exceedingly irregular, and are 
connected with meteorological phenomena. There are 
fiilso diurnal variations, the column rising twice in the 
twenty-four hours. In winter the first maximum is about 
nine A.M., and the minimum at three P.M., the second 
maximum being about nine P.M. 

"WTiat waa Paschal's experiment ? 'What did it prove ? How may the 
phenomena of the barometer be illustrated by the pressure of a water 
oolomn 1 What is the extent of the irregular variations of pressure 7 What 
•re the diurnal variations 7 At what times do the maxima and minim a, 
oocnr? 
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It has already been observed that the mean pressure of 
the air is estimated at 15 pounds upon a square inch, or 
equal to a column 30 inches long. A man of average size 
sustains a pressure on the surface of his body of nearly 
thirty thousand pounds. 

The temperature of the atmosphere is lower as we as- 
cend to more elevated regions. A point, therefore, can 
always be reached over any place of which the tempera- 
ture never rises over 32° F., and where water is always 
frozen. This point is known under the name of the point 
of perpetual congelation. Its altitude differs very much 
in different places, being highest at the equator, and low- 
er as we go toward the poles. It is at 

The Eqaator .... 15,000 feet 
Latitude 40° . . . . 9000 « 

" 75'^. . . . 1000 " 

" 85°. . . . 117 ** 

Many causes conspire to give rise to local disturbances 
in the constitution of the air. In its lower strata combus- 
tion and respiration are actively going on ; they tend to 
diminish the oxygen and increase the carbonic acid. At 
the equator the effect of a constantly brilliant sunshine on 
the leaves of plants is to diminish the carbonic acid and 
increase the oxygen. But notwithstanding these local dis- 
turbances, and also the fact that the constituents of the 
air are of very different specific gravities, the constitution 
of the atmosphere is nearly the same in all places. This 
Fig. 205. commixture is partly effected by the mechanical 
action of winds, and partly by the property which 
gases have of diffusing into each other. Thus, 
if two vials, a and e, Fig, 205, communicate with 
each other by means of stop-cocks, bed, and if, 
in a, a light gas, such as hydrogen, is placed, and 
in e a heavy gas, as carbonic acid, in a few min- 
utes after the stop-cocks are opened the gases 
_™ will diffuse into each other, the light one descend- 
ing and the heavy one ascending, until they are 
perfectly commixed. And this effect will take 
place even though a barrier should intervene. 
Thus, Dr. Mitchell found that gases would read- 
ily pass through the close texture of India-rub- 

What is the point of perpetual congelation? How does it vary with 
the latitude? What are the causes which tend to change the composi 
tion of the air ? What is meant by the diffusion of gases 7 
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ber to mingle with each other ; and I have observed the 
vame in the case of films of water. Thus, i^ a jyt 900 
bottle, a. Fig. 206, full of atmospheric air, have its 
mouth closed by a film of soap-water spread over 
it by the finger, and then be placed under a bell 
jar containing protoxide of nitrogen, this latter 
gas passes rapidly through the film, and distends 
it into a bubble by forcing its way into the bottle. 
The force with which gases will thus pass into each other 
is sometimes very great. I have proved that sulphureted 
hydrogen will diffuse into atmospheric air, though resist- 
ed by a pressure of more than fifty atmospheres. 

That the atmospheric air is a mixture, and not a com- 
pound, is proved by its easy decomposibility, its refract- 
ive power, and by the fact that its constituents retain their 
properties unchanged. The amount of its oxygen may be 
determined by the combustion of phosphorus, or detona- 
tion with hydrogen ; the amount of its carbonic acid, which 
varies in damp or dry seasons, being dissolved out by 
showers of rain, may be determined by potash or lime- 
water, and its aqueous vapor by the process for the dew- 
point already described. 

Atmospheric air being thus an elastic and compressi- 
ble body, it remains to explain the law which de- Fig. 207. 
termines its volume under changes of pressure, ^a 
This is known under the name of the law of Mar- 
riotte, and, applying to many other gases besides 
atmospheric air, is to the effect that the volume of 
a ga9 is inversely as the pressure upon it. This law 
is of the utmost importance in gaseous chemistry. 
It may be illustrated by the instrument {Fig. 207), 
where a ^ is a bent tube, open at the end a, and 
closed at b. The branch a may be several feet 
long, and h six inches. A small quantity of mercury is 
poured into the tube, so as to occupy the bend and shut 
up a column of air between d and b. Now, if the tube is 
filled with quicksilver to the height of 30 inches, as to a, . 
the pressure of this coluinn is exerted on the air in the 
closed branch, b ; and as there are now the weight of two 
atmospheres, that of the ordinary atmosphere and that of 

Does this take place through intervening harriers ? How is this con- 
nected widi rtio constitQtion of the air? What proofs are there that the 
atmosphere is a mixture, and not a compound ? What is Marriotte'a law T 
How may its truth be proved ? Give examples of Marriotte's law. 
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tke mercurial column, it ia compreBBed into half its former 
Tolume, c. If we bring- upon it three atmospheres, itwil) 
be compreMed into one third ; if four, to one fourth, &e. 
And the law holda good, also, for diminatioos of pressore. 
If, on a given volume of gas, tbe pressare is reduced to 
one half, the volume doubles ; if to one third, it triples; 
to one fourth, it qaadruplefl ; in all cases the volume bebg 
isvereely as the pressure. 

The exact amount of dilatation of atmospheric air fe 
elevations of temperature was determined hj Gtay-Lnsue 
«B follows : In a dn box. A, containing water, there ia in- 




troduced through aperforation at t/ abulb,^, witha tube, 
g', containing tbe air, tbe dilataiiou of which is to be 
measured. This air baa been prerioualy introduced ia a 
state of dryness by the chloride of calcium tube, k h'. At 
m is a globule of mercury, wbicb acts as an index, and 
confines tbe air. On tbe opposite side of the tin box, Bt 
o, a thermometer, stb,i& introduced, and another one, v, 

?assing through the top of the box, occupies tbe center, 
'he t>ox is first filled with water containing fragments of 
ice, and when tbe tfaermometers are at 32°, the poeitioD 
of the index, m, is marked. The furnace is then lighted, 
and when tbe water boils, and the thermometers are ai 
812°, the index, m, is again observed. The difference 
indicates the dilatation of the air for 180°; and in this 
manner Gay-Lussac found that 1000 volumes of air be- 
come 1375. These results have been of late carefully ex- 
amined by Rudberg, who fixes the amount of expansion 
of air at yi, of its volume, at 32°, for every degree of 
Fahrenheit's scale. 
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LECTURE XLV. 

CoMPouBn>8 OF Nitrogen and Oxygen. — Protoxide of 
NUrogen.—^Preparation and Properties of, — Constitu- 
tion, — Supports Combustion. — Produces Intoxication, 

IPeutoxide of Nitrogen, — Preparation and Properties of, 
— Constitution, — Relations to free Oxygen, — Hyponitric 
Acid, — Preparation and Properties (f, 

PROTOXIDE OF NITROGEN. NO = 22203. 

If the nitrate of ammoDia be exposed to a temperature 
of about 350 degrees in a retort, ^ ^ig- 209. 

Fig, 209, it undergoes decompo- 
sition, being resolved into water 
and the protoxide of nitrogen ; the 
former condensing in the neck of 
the retort, and the latter rising 
into the pneumatic jar. If whitish 
fumes are evolved, they indicate that the process is going 
on too fast, and the heat must then be moderated. The 
change taking place is very simple. It is a mere rearrange- 
ment of the constituent atoms of the nitrate of ammonia. 

NO, + NH^ . . . = ,..2{N0) + 3(^0). 

One atom of that salt, therefore, yields two atoms of 
protoxide of nitrogen and three of water. 

The protoxide of nitrogen is a colorless gas, transpa- 
rent, like atmospheric air ; it has a sweetish taste, and is 
soluble in water, that liquid taking up about three fourths 
of its volume of the gas when cold, but the solvent power 
bein? greatly diminished by warming the water. Its 
specific gravity is 1*527. It may be liquefied at ng. 210. 
45® by a pressure of fifly atmospheres, and has ^ 
even been solidified. It is composed, by atom, of 
one of nitrogen and one of oxygen, and by vol- 
ume, of two volumes of nitrogen united to one of 
oxygen, condensed into two volumes, a constitution 
like that of water. It therefore contains half its 
bulk of oxygen gas, and supports combustion with 

How may xnotoxide of nitrogen be made 1 What are ita properties 1 
What is its constttation? Does it support combustion 7 

s 
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activity. A lighted taper immersed in it bums brigbtly, 
and, as in oxygen, if there be merely a spark on the wick, 
it kindles into a flame. Phosphorus bums in it with great 
brilliancy. 

Sir H. Davy discovered that not only does this gas sup- 
port respiration, but that it exerts a remarkable physio- 
logical action when breathed, producing a transient in- 
toxication, which wears off after two or three minutes. 
These effects are undoubtedly due to the oxydizing ac- 
tion which the protoxide establishes in the system. In 
this respect it is far more active than even pure oxygen 
gas, and the reason is obvious : oxygen is but slightly ab- 
sorbable by watery fluids, but this gas is taken up by 
them to a very great extent. When it is introducea into 
the lungs, it is rapidly dissolved in the blood, and carried 
by the circulation to every part of the body, oxydizing 
whatever is in its path, and producing a febrile warmtn 
and an unusual mental disturbance. 

The protoxide of nitrogen shows but little disposition to 
unite with other bodies. It may be regarded as an in- 
different substance. 

DEUTOXIDE OF NITROGEN. NOt = 30-216. 

The deutoxide or binoxide of nitrogen may be made 
by the actiqn of nitric acid moderately diluted upon me- 
tallic copper. If these substances are introduced into a 
Fig.211. flask together, and, when the action mod- 
erates, fresh portions of nitric acid be added 
through the funnel {Fig. 211), a colorless gas 
is evolved, which may be collected over wa- 
ter, in which it is only sparingly soluble, one 
hundred volumes of that liquid dissolving 
about five of the gas. 

It is composed of equal volumes of nitrogen 
and oxygen united, without condensation. Its specific grav- 
ity is, therefore, 1*0416. It does not support combustion; 
a lighted taper immersed in it is at once extinguished; 
but if phosphorus, burning violently, be introduced in it, 
the combustion goes on with increased activity. Iron 
and several other metals withdraw from it one half of 
its oxygen, converting it into the protoxide. 

What are its relations to respiration ? How long does this intoxicatiDg 
effect last ? What is the cause of it ? Why is the protoxide of nitrog^en 
an indifferent substance ? How is the deutoxide obtained? What is iti 

coiiatituliou ? Does it jji:].i>ort eombustioii ? 
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The most remarkable quality of the deutoxide of nitro- 
gen is its action on mixtures containing oxygen gas, as, 
ror example, atmospheric air ; with these it at once pro- 
duces rea fumes of nitrous acid, which are soon removed 
if water be present, the deutoxide taking up two atoms 
of oxygen to change into nitrous acid. On diis principle 
it has been used for the purpose of effecting the analysis 
of atmospheric air, but, unless several precautions are ob- 
aeryed, the results are incorrect. The deutoxide should 
be added in a small and steady stream to the air ; red 
fumes are at once produced ; these are soon removed by 
the water, and the residue is less in volume than the air 
and deutoxide taken together. One fourth of the deficit 
is equal to the volume of the oxygen originally present. 
By operating in this manner, as I have had many pcca- 
Bions to observe, correct results may be obtained. The 
general process may be illustrated by taking a tall jar 
and placing in it a certain volume of atmospheric air, to 
'nrhich is to be added an equal volume of the deutoxide. 
Though both gases are colorless at first, a deep copper- 
colored vapor is the result ; this is removed after a time 
by the action of the water, which, rising in the jar, ex- 
hibits a deficit in the amount of the gases. 

A solution of the protosulphate of iron dissolves this 
gas abundantly ; and if a small quantity of the sulphuret 
of carbon be poured into it, and a light applied, the mix- 
ture burns with a blue flame. 

HYPONITROUS ACID. NO3 = 38-229. 

This substance may be made by mixing four volumes of 
dry deutoxide of nitrogen with one of dry oxygen, and 
exposing the mixture to cold. The gases condense into 
a hquid of a greenish color, which gives forth an orange 
vapor. Hyponitrous acid is decomposed by the contact 
of water, deutoxide of nitrogen escaping with an effer- 
vescence, and nitric acid being produced, rtiree atoms of 
hyponitrous acid yielding one of nitric acid and two of 
the deutoxide. 

3iV03 ... = ... NOs + 2NO^. 

"WTiat is its action on gaseous mixtures containing oxygen? Under 
what circumstances may it be used to determine the amount of oxygen ? 
IIow may its action on oxygen mixtures be illustrated ? What is its re- 
lation with the protosulphate of iron ? And what with the vapor of snl- 
^niret of cwrbon 7 How may hyponitrous acid be procured ? What is 
Se action of water on it 7 
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LECTURE XL VI. 

Compounds of Nitrogen and Qzyoen. — Nitrtnu Aai, 
'—Preparation and Properties of. — Remarkable CiaHgei 
of Color, — Nitric Acid, — I^iscovery of, — Cavendii^U 
Experiments, — Sources from which it is Derived, — Otwn- 
mercial Preparation, — Its Properties, — Is a HypoQutr 
ical Bo^y. — Purification, — Detection, 

NITROUS ACm. JV04 = 46-242. 

Nitrous acid may be made by mixing together one 
volume of dry oxygen with two of the dry deutoxide of 
nitrogen, and exposing the mixture to a very low tem- 
perature ; but it is much more easily procured by distill- 
ing, in a porcelain or hard glass *"~ "'" 
retort, a, Fig, 212, dry nitrate of 
lead, and receiving the gases in 
a tube, hy artificially cooled by a 
freezing mixture, c. The nitrous 
acid condenses as a colorless liquid, 
which becomes yellow as its temperature rises. Its spe- 
cific gravity, in the liquid form, is 1*42. It solidifies at 
40^ F., and boils at 82^ F. Its vapor possesses remark- 
able optical qualities. When its temperature is very low, 
it is nearly colorless ; it takes on an orange tint as the 
degree of heat increases, and finally becomes almost 
black. The peculiarity of the phenomenon is, that if the 
gas be examined while imdergoing these changes, by 
passing a ray of light through it and analyzing it by means 
of a prism, as explained in Lecture XIX., a great number 
of fixed lines are found in the resulting spectrum ; and as 
the temperature rises these increase so much in number 
and in breadth that the light becomes finally obliterated. 

The vapor of nitrous acid, when once mixed with atmos- 
pheric air, is condensed into the liquid form with great 
difficulty. It is wholly irrespirable, and, even when di- 
luted, of a very unpleasant odor. Nitrous acid is, for the 
most pait, decomposed by water, 

3iV0, ... = ... 2NOs + NO^, 

How may nitrous acid be made ? WTiat are its properties ? How does 
liie color of its vapor change by heat ? What is the cause of the final 
blackness 7 What are the relations of nitroos acid and water? 
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tiiree atoms of it yielding to two of nitric acid and one of 
the deutoxide of nitrogen, as seen in the formula ; hut 
the nitric acid produced protects a portion of the nitrous 
acid, which thus escapes decomposition. Its vapor is ah- 
florbed by nitric acid. The production of this acid by the 
process with nitrate of lead is of considerable philosoph- 
ical interest ; 

TIO + NO^ ... = ... VIO + NO^ + O, 

one atom of the nitrate of lead yielding one atom of ox- 
ide of lead, which remains in the retort, one of nitrous 
acid, and one of oxygen gas, which escape. It might be 
expected that, in such a distillation, we should obtain 
oxide of lead and nitric acid. The cause of the non-ap- 
pearance of the latter body will, however, be presently 
cmderstood. 

NITB.IC ACID. NOb = 54255. 

Nitric acid, the most important of the compounds of 
oxygen and nitrogen, and one of the most important of 
the acid bodies, was first discovered during the ninth 
century. The discovery of this and some of the other 
powerful acids form one of the epochs in chemistry. The 
science can scarcely be said to have existed until that 
time, the Egyptians, Greeks, and Romans having no 
knowledge of these bodies, nor, indeed, of any more pow- 
erful than vinegar. 

The constitution of nitric acid was determined by Mr. 
Cavendish, who formed it synthetically, by passing electric 
sparks through atmospheric air in contact with a solution 
of potash. The nitrate of potash was obtained. 

Nitric acid also occurs to a small extent in rain water, 
especially after thunder storms, and by some supposed to 
originate upon the same principles as in Cavendish's ex- 
periments ; but probably it is due to the oxydation of 
ammonia, which always exists in the air. The chief sup- 
ply is derived indirectly from the decay of vegetable or 
animal matter, in the presence of oxygen gas, and in con- 
tact with basic bodies. Collections of such refuse pass 
under *the name of nitre beds, and, in France and Ger- 

Wliat is the decomposition which takes place when nitrate of lead is 
distiUed ? When was nitric acid discovered ? How was its composition 
detenmned Irjr Oaveudish ? What is the source of the nitric acid in rain 
walert 

S2 
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many, Ainuah tlie ealtpeire which is used fiir'the manu- 
facture of gunpowder. In the East Indies, nitrate of 
potash is obtained by Uxiviation from the soil in which 
earthy nitrates naturally occur. From South America 
the nitrate of soda is exported ; it is found as an efflo- 
rescence on soils in which common salt probably exists. 

In most of these cases the nitric acid arises frum the 
oxydatioD of ammonia produced during putrefactiTe tei- 
mentation. 

NH, + O, ... = ... iVO, + 3HO. 
The formula shows the probable nature of the action; one 
atom of ammonia, under the influence of eight of oxyg^ 
will yield one of nitric acid and ihree of water. 

The nitric acid of commerce is made by distilling equal 
weights of sulphuric acid and nitrate of potash. The 
process may be conducted in a small way in a glass re- 
tort, A, Fig. 213 ; and it is found advantageous to use 




the quantity of sulphuric acid here stated, because s solu- 
ble bisulphate of potash is formed, whidi may be easily 
removed vrithout breaking the retort Half as much sul- 
phuric acid would effect the decomposition, but it wotud 
require a higher temperature, and the neutral sulphate 
which forms could with difficulty be removed. The 
change which takes place is thus exhibited: 

(KO. NO,) + 2(H0, SO.) ... = ... (KO. HO, '2SO,) 
+ (HO.NO^;) 
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that is, one atom of nitrate of potasli and two of sulphuric 
acid fiimish one atom of bisulphate of potasb, and one of 
liydrated nitric acid distills over into the roceivor, B, which 
II kept cool by a stream of water flowing from i into a 
Tessel, c c, the waste water passing through led, A net 
is wrapped over the receiver to distribute the water 
evenly. In this process nitrate of soda may be advanta- 
geously substituted for nitrate of potash. 

Hydrated nitric acid thus produced is a colorless liquid, 
which boils at 248^ F., though this point changes with 
the amount of water in the acid. It ueezes at -—40^ ; is. 
decomposed into oxygen and nitrogen by being passed 
through a red-hot glass tube. It turns yellow in the sun- 
diine, owing to a portion being decomposed and nitrous 
acid set free, which dissolves in the residue, and gives it 
an orange tint. The nitric acid of the shops (aqua fortis) 
commonly possesses this color, from which it may be 
freed by boiling in a glass vessel. It stains the skin and 
other organic matters yellow, and hence is used in the 
arts of dyeing. Its action on many metalline and other 
combustible bodies is exceedingly violent, ow- Fig^n. 
ing to the great amount of oxygen it contains. 
Poured upon some pieces of copper in a wine- 
glass, over which a bell jar may be inverted 
{Fig. 214), an effervescence takes place, and 
the red fumes of nitrous acid abundantly form. 
Though it is one of the most powerful oxydizing 
agents we possess, it oflen happens that, in a state of 
great concentration, it will scarcely act on a metal, but 
die siddition of a little water causes the action to set in. 

Nitric acid {NOc) is a hypothetical or imaginary body 
which has never yet been isolated ; the nearest approach 
to it that we know is the strongest aqua fortis. This has 
a specific gravity of 1*521, and consists of one atom of 
hypothetical nitric acid and one of water. Its formula, 
therefore, is 

NO, 4- HO. 
Its molecular constitution probably is 

NOe + H. 

^^I^^^^^^B^^.^t^^^v^H^^^^'^-' ■ -- . — ^ l.l.-_.,. , I a. ■ II". !■■■ 

What ar« its properties ? "When passed through a red-hot t«ho, what 
liappenf to it ? W'ny is commercial nitric acid often yellow ? What is the 
tetioQ of this acid on the skin and on metallic bodies ? What is the near. 
est approach to hypothetical nitric acid 7 
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It 18, as we shall find liereafter, a hydrogen acid. From 
this we see the reason of the circumstance that in the de- 
composition of dry nitrate of lead, described in this Lecture, 
nitric acid does not make its appearance, but nitrous add 
and oxygen ; for, being a hypothetical body, its atom is 
dissevered in the act of being set free. 

Nitric acid of commerce can "be purified by distillation, 
rejecting the first portions which come over, as they cod- 
tam chlorine, and leaving a portion in the retort contain- 
ing sulphuric acid and fixed impurities. If twelve paiti 
^are distilled, the first three may be cast aside, and one 
left in the retort ; the intermediate eight are pure. 

When it is in a solution, nitric acid may be diluted by 
the addition of sulphuric acid, and a drop or two of pro- 
tosulphate of iron ; a brownish color is produced where 
the two liquids meet. When in a concentrated state, the 
evolution of red fumes, by the action of copper, detects 
it. It also gives a blood-red color with morphia. The 
nitrates deflagrate when ignited with combustible matter, 
a result which may be well shown by grinding together a 
few ounces of nitrate of potash and common sugar, and set- 
ting fire to the mixture. Owing to the solubility of all its 
compounds, nitric acid can not be precipitated. 



LECTURE XLVIL 

Sulphur. — Natural and Artificial Forms, — Preparation 
of Flowers, — Properties of Sulphur, — Its Vapor. — Ox- 
ygen Compounds of Sulphur. — Sulphurous Acid. — Prep- 
aration. — Properties. — Bleaching Effects. — Condensa- 
tion to the Liquid State. — Its Compounds. 

SULPHUR, fir = 1612. 

Much of the sulphur in commerce is derived fix>m vol- 
canic countries, in which it occurs often in a pure and 
crystallized state. It is one of the most common element- 
ary substances, being found abundantly united with va- 
rious metals, such as iron, copper, lead. In combination 
with lime, baryta, &c., it occurs as sulphuric acid, and is 

Why can not it be isolated ? How may it be purified ? How may it 
be detected 7 Why can not nitric acid be detected by precipitaticni 7 Un- 
der what fonns does sulphur naturally occur ^ 
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eIbo an ingredient of many animal and vegetable prod- 
ucts. 

Sulphur ia met witli under three different forms r roll 
Bulphur, flowers of sulphur, and Ibc Bulphurie. Roll sul- 

eur is an impure vanety, which Teceives its form frona 
ing cast into cylindrical molds ; the flowers of sulphur 
are formed from the impure brimstone by sublimation ; 
lac mlphuris differs from the foregoing in being of a white 
color. It is prepared by precipitation from the persulphu- 
ret of potassium by hydrochloric acid. 

The preparation of flowers of sulphur is conducted in 
an appu:atUB, such as i'V^.SlS. A is a room, or chamber. 




of 3000 feet capacity ; c is a pan containing sulphur, whirh 
is melted by the furnace, o « , the vapor passes along i d 
b, and, entering the chamber, is there condensed. The re- 
sulting flowers are removed through the door p. If an 
explosion occurs, when the process commences, it lifU 
the valve e, and the gaaea escape through the chimney, (. 
M St id a shed under which the apparatus is constructed. 
As the iron pan becomes exhausted, new quantities of 
brimstone can be introduced through the door n. 

Sulphur commonly exists as a solid of a yellow col- 
or, and of a specific gravily of 1-99, having neither taste 
nor smell. It mells at 22fi° F. into a pale yellow- colored 
liquid ; but what is very curious, if the heat be raised to 
about 450^^ F., it changes to the color of molasses, and be- 
comes BO thick and tenacious that the capsule in which 
the fusion is carried on may be turned upside down with- 
out the sulphur flowing out. At 600'^ F. it boils, and, as 

Wlimt mit* artifioul fbrnul How are the flowen of ■nlphar madel 
What an tba prapettie* of ralphar T What chingei may be obierved ia 
it wbn msWiwT 
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the beat approaches that pointy it again becomes fluid; 
and, as it cools, runs through the same changes again in t 
reverse order. If suddenly quenched in cold water at the 
low temperature, before it thickens, it solidifies into ordi- 
nary sulphur ; but if heated for a time to near 600^, ai^ 
then quenched, it becomes, on- cooling, elastic, like India- 
rubber, and may be drawn into long threads ; and in this 
state is sometimes used for taking casts of coins, for by 
keeping a few days it slowly returns to the condition d 
ordinary sulphur. 

When rubbed on a piece of flannel it becomes highly 
electric, assuming the negative state, and at one time was 
used in the making of electrical machines, before the pow- 
ers of glass were discovered. A roll of it held in the 
warm hand emits a crackling sound, the crystals of wfaidi 
it is composed separating from one another. It is a bad 
conductor of heat and electricity, crystallizes under two 
different systems, and is, therefore, a dimorphous body, 
one of its forms being an acute rhombic octahedron, and 
the other an oblique rhombic prism. When heated to 
about 300^ F. in the open air, it takes fire, and bona 
with a blue flame, emitting a suffocating odor, fumes of 
sulphurous acid gas. It is wholly insoluble in water ; its 
proper solvent is the bisulphuret of carbon. 

The vapor of sulphur is of a deep yellow color, and has 
the high specific gravity of 6*648. In it metallic bodies 

vdll bum precisely as they do 
Fig. 216. j,.^ /^^^ ^^ oxygen gas. Dr. Hare has 

shown that if a gun barrel be 
heated red hot at the breech, 
and a piece of sulphur drop- 
ped into it, the muzzle being 
closed with a cork, an ignited 
jet of sulphur vapor issues from the touch-hole, in which, 
if a bunch of iron wire be held, it takes fire and bums brill- 
iantly. 

Sulphur has a very extensive range of aflinities, uniting 
with most metallic substances in several diflerent propor- 
tions, with hydrogen and also with oxygen. With the 
latter substance it furnishes the following compounds : 

What electrical condition does it assame by firiction ? 'What tire iti 
oonductine: powers ? Why is it called a dimorphoos body ? At what tem- 
perature does it take fire, and what is the product oC ita combaatian ? 
tVbat is the speci&c gravity of its vapor! Boe* it vap^oct cairQD»«.>a«»A 
WTiat are the oxygen compounds of sulpYrar*! 
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80^..S0^.. S,0, . . S,0, . . 
r designations are, respectively, 

Bnlphnrou meid. 
Bn^hnrio acid. 



iiypoiiii]iliiinc acid (acid uT Funloi and Q«lil). 
SULPHUROUS ACID. SO; = 321 «. 

This Dcid may be formed by burning Bul- Fig. iV 
phur in oxygen gas or in atmospberic air ; in 
the latter inBtance the rcBulting gas is, oi 
(MMirBe, contaminated witb nitrogen. Tbe pro- 
ceas may be conducted under a bell jar, the 
baming sulphur being placed on a capsule or 
■tand. 

But a much better process is to effect the , 
partial deosydation of Bulpburic acid by beat- 
ing oil of Yitriol with raercuiy, which deprives it of one 
atom of oxygen, forminp; an oxide of mercury, which 
un^KS with one atom of the excess of sulphuric acid pres- 
ent to form a sulphate. For many of the ordinary purpo- 
ses to which sulphurous acid is applied, it may be pro- 
cured by the action of fragments of charcoal heated with 
sulphnnc acid. In this case, however, carbonic acid is 
bJso evolved. When a solution in water is required, the 
gas may be passed directly iDto that liquid, but if it be nec- 
essary to retain it in a gaseous state, it must be received 
in jars at the mercurial trough, or collected by the meth- 
od of displacement. 

It is, under ordinary c 
colorless gas, having an un- 
pleasant taste, and the smell 
cbaracteriatic of burning sul- 
phur. It is wholly irrcspira- 
ble, and promptly extinguish- 
es a lighted taper. Its specific 
eravity is 2'232, and, therefore, 
if a stream of it which has been 
cooled by flowing from the ^ 

. How BtMj BDlphnroni acid be made 1 Wiiot ii the princinla 
CMS when inlimiiho acid acts oa mercoiy or charcoal? Whi 
noddct* in euh omb J Why aaat the goi be coUeeSal tnei 
Whafn it* pn^ierUe* 1 
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generating flask a, Pi^,218,through abent tube, &, immers- 
ed in a jar of cold water, be conducted to the bottom of an- 
other jar, c, the gas, as it collects, displaces the atmospheric 
air, floating it out of the vessel. This process is of yeiy 
general application in the collection of gases which are 
absorbable by water, and is known under the name of the 
method by displacement. 

In a jar of sulphurous acid thus collected, if a lighted 
Fj'i^^' taper be immersed, it is at once extinguished. 
'^ If the jar be inverted over water, the gas is 

speedily dissolved, that liquid taking up ahoot 
thirty-seven times its volume of the gas. If veg- 
etable colors are submitted to its influence, they 
are bleached, but the color is not destroyed as in 
bleaching by chlorine, since it can be restored 
by the action of a stronger acid. 
Sulphurous acid is among the gases one that most read- 
ily takes the liquid form. If there be connected with the 
flask from which this gas is being evolved a bent tube past- 
ing through iced water in ajar, and the gas, after traversing 
this tube, be conducted into a bottle placed in a freezing 
mixture of snow and dilute nitric acid, it condenses into 
a colorless fluid of the specific gravity 1'45, which boik 
at 14^ F. This fluid is sometimes used to produce in- 
tense cold by its evaporation. 

With bases, this acid forms a complete series of sahs, 
the sulphites, which are readily decomposed by the stron- 
ger acids, and are occasionally employed as deoxydizing 
agents, from the circumstance that metallic oxides maybe 
reduced by them, their sulphurous passing into the con- 
dition of sulphuric acid. 

What is the method by dii placement ? To what extent is this addfol* 
able in water ? Are its bleaching effects pennanent ? How may it be 
condensed ? What are the properties of tfa» Uqaid 7 For what porposei 

are the sulphites employed 1 
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LECTURE XLVIII. 

Compounds op Sulphur and Oxygen. — Sulphuric Acid, 
— The Anhydrous Add, — Its Affinity for Water, — Ger- 
man Oil of Vitriol, — Its Constitution and Uses, — Com- 
mon Sulphuric Acid. — Preparation on the Large Scale, 
— Its Chemical Relations^ — PurificcUion. — Detection. — 
Other Sulphur Acids. 

SULPHURIC ACID. iSfO, = 40-159. 

This compound is not alone the most important of the 
acids of sulphur, but also the most important of all acids. 
By the aid of it, nitric, hydrochloric, and many other 
s^ng acids are made for 'commercial purposes. In the 
production of carbonate of soda and chloride of lime, im- 
mense quantities of it are consumed. 

Of sulphuric acid we have several varieties, differing 
from each other in the amount of water they contain. 
1st. There is anhydrous sulphuric acid, the formula for 
which has already been given as containing one atom of 
sulphur and three of oxygen. This substance may be 
prepared by submitting the fuming oil of vitriol of Nord- 
haosen to a temperature of about 290^ Fahr., when there 
distills over a white substance of a crystalline aspect. It 
fumes in the air, melts at 77^ Fahr., is converted into va- 
por at 160^, has an intense affinity for water, in which, if 
it be placed, it hisses like a red-hot iron. It is to be par- 
ticularly remarked, however, that the acid powers of this 
substance are very feebly marked ; it shows little tenden- 
cy to unite with other bodies, and when such combina- 
tions are effected, the resulting substances are different 
^m the true sulphates. 

2d. German, or Nordhausen oil of vitriol, JTO, SO^ + 
SO,, 

This substance is prepared by taking green vitriol, and, 
by exposure to heat, driving off its water of crystalliza- 
tion (six atoms), and also a portion of its saline water. If 
the dried powder be plac^ in a stone-ware retort and 
exposed to a high temperature, there distills over a dark 

Whttt are the propertiee of aDhydroos sulpfanric acid, and hw is it ^e- 
pcredf What if the proooM for preparing the GenMii c^ c^ V\Xr»^\ 
What j^ itM appearance ? 

T 
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oily liquid ; hence the term oil of vitriol : this is the sub- 
stance in question. Its formula shows that it is composed 
of two atoms of anhydrous acid united to one of water. 
A considerable quantity of it is used in the arts for dis- 
solving indigo. 

3d. Common sulphuric acid, HO, iSOg. 
This is the substance which passes in commerce as 
common oil of vitriol. It is made on the large scale by 
burning sulphur with nitrate of potash or soda, and con- 
ducting the sulphurous and nitrous acids which result 
into large chambers lined with lead, in which steam is 
thrown, the bottom of the chamber being covered with 
water. The sulphurous acid takes oxygen from the ni- 
trous acid, reducing it to the condition of deutoxide ; but 
this being done in the presence of atmospheric air, which 
fills the chamber, the deutoxide instantly reassumes the 
condition of nitrous acid. The deutoxide, therefore, con- 
tinually transfers oxygen from the atmospheric air to the 
sulphurous acid, and brings it to the condition of sulphuric 
acid. 

After a time the water at the bottom of the chamber 
becomes charged with sulphuric acid ; it is then concen- 
trated by drawing off the excess of water in platina or glass 
boilers, and finally assumes the specific gravity 1*845. It is 
a dense, oily liquid, freezes at — 15° and boils at 620^. 
The attraction of common sulphuric acid for water is 
Fig.iso. very intense. If a tube, containing some ether, 
be stirred in a glass (Fig. 220) in which sulphur- 
ic acid and water are being mixed, the tem- 
perature rises so high that in a few moments the 
\a ether boils. On the same principle, it will re- 
move from most gases which are passed over it 
any water they may contain; and, as we have seen 
in Lect. XII., water may be frozen by taking advantage 
of the rapidity with which sulphuiic acid will absorb its 
vapor. Organic substances may also be charred by the 
action of this acid ; for example, woody fibre is a com- 
pound of carbon with the elements of water, and when 
acted upon by sulphuric acid, the carbon is set free, the 
acid taking from it a portion of its water. 

For what pnrpofie is it used 7 What is the process for preparing com- 
mercial snlphiinc acid? What are its properties? What illustratioDl 
may be given ofita inteDse afl&nity for \7aletl 




BULPHURETED BTDROGBN. 5t2fl 

•water readily, that liquid taking up two or three ^^^^ 
times its volume. Its specific gravity is 1'177. It 
18 combustible, and may readily be burned from a 
jet placed in the flask in which it is being evolved, 
the products of its combustion being sulphurous 
acid and water ; but if the air in which it is burn- 
ed be limited in quantity, water alone is produced 
and sulphur deposited. Its solution in water decom- 

Soses gradually by contact with the air, the hydrogen un- 
ergoing oxydation, and the sulphur being set free. It 
has the properties of a weak acid, reddening litmus fee- 
■bly, and yields with metallic bases water and sulphurets : 

MO + HS... = ...HO + MS. 

many of these sulphurets being insoluble and highly col- 
ored : antimony gives an orange precipitate ; arsenic and 
cadmium, yellow; lead, brown; and manganese, flesh- 
colored. On this principle, the presence of sulphureted 
hydrogen may be always detected : the carbonate of lead, 
for example, is blackened; and hence, white paint ex- 
posed in places in which sulphureted hydrogen is being 
evolved turns dark, and metallic silver tarnishes, and 
finally becomes black. By a pressure of about seventeen 
atmospheres the gas may be liquefied. 

The action of sulphureted hydrogen on metallic bod- 
ies may be illustrated in a vei*y interesting manner by 
writing on a sheet of paper with a solution of acetate of 
lead, tihe letters being invisible until exposed to a stream 
of this gas, when they turn black. Its action in producing 
precipitates may be shown by conducting a stream of it 
through a solution of tartar emetic, arsenious acid, or 
acetate of lead. 

S|Lilphureted hy(lrou;en is sometimes naturally dissolved 
in spring water, constituting the mineral waters of various 
places, as the Virginia Springs. It is also said to be con- 
tained in the brackish water of the mouths of large rivers, 
due, perhaps, to the action of the organic matter they 
contain upon the sulphates existing in the sea. It has 
been thought by some authors that the existence of this 
gas in the air of those places is connected with the fevers 

What are the results of its combustion 1 "Wliat is the nature of the 
precipitates it rives with metallic oxides ? How may this action be il- 
hutrated T I< »^ S^ soluble in water ? What is the probable cause of 
its oocurrence at the mooi^ of large riven ? 

T 2 



which there prevail. Sulphurated hydrogen ia exceed- 
inriy poisonous when respired. 

There is another compound of sulphur and hydiogea, 
die constituuon of which is not precisely known, though it 
is oBually described aa biaulphureted hydrogen, and its 
formula ia therefore HSf In its prapertiea it is said to 
hare several analogies with the deutoxide of hydrogen. 

SELENIUU. Se = 39*6. 

This element was discovered by Berzelius in certaio 
varieues of pyrites. It ia a rare subatance, anologooB, m 
many respects, to sulphur. It bums in the air, forming an 
oxide which exhales the odor of decaying horBeradish. 

PHOSPHOEUS. P=li7. 

A remarkable substance, first discovered fay Brandt, and 
now BXtenaively procured from burned bones, in which it 
occurs as a phosphate of lime. It is found, also, in other 
animal products, being su'essential ingredient in fibrin 
and albumen, and also in the bnun and nervous matter. 
Ftr.txt. To procure it, burned 

bones are reduced to pow- 
der, and digested with di- 
lute sulphuric acid ; the li- 
quid is strained, mixed with 
powdered charcoal, and, 
when dry, introduced into 
a stone-ware retort, a. Fig. 
323, to the neck of whidi 
a bent copper tube, b, is at- 
tached, the mouth of which 
dips beneath water. The 
retort being now exposed 
in a furnace to a white heat, 
half the phosphoric acid in 
the mixture is deoxydized 
by the charcoal, carbonic oxide gae escaping, and phospho- 
rus distilling over. 

Phosphorus is commonly transparent and colorless. 
When exposed to the light it turns of a deep red, and this 
takes place in a vacuum, or in gases which have no action 
on the phosphorus. In lustre and general appearance it 
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has a waxy aspect. Exposed to the air it smokes, and in 
a dark place shines — a property from which its name is 
derived. During this slow oxydation it exhales an odor 
much resemhling that experienced when an electrical ma- 
chine is in high activity. At 32^ it is brittle, at 113^ it 
melts, at 572° it boils, distilling over unchanged, if oxy- 
gen be absent. But in the air it takes iire and burns at 
about 120^, with evolution of flakes of anhydrous phos- 
phoric acid. Its specific gravity is 1*77. 

From the intense affinity which phospt orus has for oxy- 
gen, it requires to be kept under the surface of water. 
It is met with in commerce in the form of small sticks, a 
form given to it by melting it in glass tubes under warm 
water, and pushing the resulting cylinders out as soon as 
they have set. If kept in an opaque bottle it is white, but 
it slowly turns more or less red on exposure t o the day- 
light. 

From the facility with which it takes fire, it is necessary 
to handle it very carefully, and to avoid keeping it in con- 
tact with the warm hand too long. A few particles of 
dry phosphorud placed between two pieces of brown pa- 
per and rubbed with a hard body, take fire and bum fu- 
riously as soon as the papers are separated. It is upon 
this principle that it will readily inflame by the heat of 
friction, that its useful application in the manufacture of 
friction matches depends. In chlorine, or the vapor of 
bromine and iodine, it takes fire spontaneously. 

There are several compounds of phosphorus and oxy- 
gen, as follows : 

These are respectively 

Oxide of pboBphoruB. I Phosphorons add. 



Hypophosphoroua acid. | Phosphoric acid. 

What remarkable property does this bodypossess ? "Why is phosphoma 
to be kept under the surface of water ? What is the action of lig^t apon 
it 7 What usefid application is made of its ready comboitibility 7 How 
many compoa^ ^ of phoaphonu and oxygen are were 7 
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LECTURE L. 
CoHpoDNDs Of Pbospborus and Oxygen. — Oxidt of 
PhoaphoTut. — pTfparatioK of. — SypopJiO^horovt oiw 
Phosphorous Acid^. — Phosphoric Acid. — Three Stata 
of Hydration. — Properties of tkete three Acidi. — T*«> 
Salts. — Phosp&ureUd Hydrogen. — Spontaneotuly ii- 
Jlammable and Non-in/lammable Varieties. — Cbloeine. 
— Preparation of. — Ila Relattoni to Combtution and 
Retpiratiott. 

OXIDE OF PHOaPHORUS. P,O = 0a!13. 

IV- ^*' This oxide may be formed by cauKiDg 

L Btream of oxygen gas, from tbe tube a, 
Fig. 224, to be directed upon phospho- 
I under hot water in a glass, i. A 
brilliant combuatiop under tbe water is 
the result, witb the production of pboa- 
pboric acid and of a red powder, which 
IS the substance in question. 

_ . HYPOPH08PHOBOU8 ACID,i',0=»-413, 

1 very little known ; it is formed when phoapborus is 
boiled in alkaline solutions. 

PHOSPHOROUS ACID, i',0, = 55-439, 
is formed during the slow combustion of pbospboms in the 
air; it may also be produced by acting on the sesquichlo- 
ride of phosphorus with water. The solution of tins add 

is used as a deoxydizing agent. 

PHOSPHORIC ACID. J*, Oj = 71-465. 

Anhydrous phosphoric acid ia fonned 
when phosphorus bums in dry air or ox- 
ygen gas [Fig. 225). It condenses in 
' 'te flakes of a snowy appearance, and 
Bosses an intense affinity for water, in 
which, if placed, it hisses like a red-hot 
roil. It can scarcely be said to possess 

ciil properties. Until it has united with 

r, those properties are \ery feebly developed. 

How ii oiide of pbmpbomg made 1 'What ig itt appe«nu]C« ? Uow 
are hypi^bo«pbaniai uid phocplioroDi addi produced 1 Uudtt wIiU da- 
----j»U«iiliydrou»plio»pbotic widproducedl 
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With water, phosphoric acid unites in three propor- 
tioiis, producing 

Mooobftsie phocplnrio acid . . PsOn-f- HO, or H^'PtOa. 
BUnuuo " " . . PiOi4-2HO,arfiH4'FiOr 

Tribasic ** " . . jPaOs + S^O, of a/T-j-PBOa. 

These acids also have the names of raetaphosphoric,pyro- 
phosphoriCy and common phosphoric acids respectively. 
Either of them may exist in solution with water. 

Metapbosphoric, or the monobasic phosphoric acid, may 
be obtained by dissolving phosphorus in dilute nitric 
acid, evaporating, and exposing the residue to a red heat 
It may also 'be obtained by dissolving the anhydrous acid 
in water, evaporating and igniting it In both these cases 
a transparent body, like ice or glass, is produced ; hence 
called glacial phosphoric acid. It contains one atom of 
water, which can not be removed from it by heat. 

Monobasic phosphoric acid is characterized by giving 
a white grannlar precipitate with nitrate of silver ; it also 
coagulates albumen, producing white curds. If kept in 
a solution of water, or boiled with it, it passes into the 
tribasic state. 

Pyrophosphoric, or bibasic phosphoric acid, may be 
obtained by heating the common phosphoric acid to 
4170 Y, for some time. In solution it neither precipi- 
tates silver nor coagulates albumen, but its salts yield, 
with silver, a flaky white precipitate. Like the former, 
diis turns into the tribasic acid by boiling with water. 

Common, or the tribasic phosphoric acid, may be ob- 
tained from bone earth by the action of oil of vitriol, 
whicb yields a precipitate of sulphate of lime ; or, more 
easily, by boiling a solution of the anhydrous phosphoric 
acid. In solution it neither precipitates silver nor coagu- 
lates albumen, but its salts yield a Canary-yellow precip- 
itate with the nitrate of silver. By exposure to a low 
beat it becomes bibasic, and to a red heat, monobasic. 

These hydrogen acids of phosphorus give rise to a 
very extensive and complex class of salts, according to 
the extent to which their hydrogen is replaced by metal- 
lic bodies. Thus, the monobasic phosphoric acid can 
yield only one series of salts, in which all its hydrogen is 

How many compounds does it yield with water ? How is metaphos- 
phoric add made/ What is glacial phosphoric acid? What ""c the 
propflrtiea characteristic of monobasic, bibasic, and tribasic pbosphoric 
Idas raspeaCively ? How many series of salts can each yield 7 
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replaced by a metal ; but the bibasic can yield two diflfer* 
ent series, according as tbe metal replaces one or both 
atoms of base ; and the tribasic can yield three different 
series, according as one or two or all three of its hydro- 
gen atoms are replaced. 

PHOSPHURBTBD HYDEOGBN, P^H^ = 34-4, 

may be made by boiling phosphorus in a strong solution 
of lime or potash in a retort, a, Fig. 226 f the neck of 



fyf.286. 




which dips beneath the surface of water, a few drops of 
ether being previously put into the retort. As the bub- 
bles of gas break on the water, they take fire, burning 
with a bright yellow light, and there ascends through the 
air a ring of gray smoke, which dilates as it rises, and 
exhibits a curious rotatory movement of its parts. This 
gas, also, may be made by bringing the phosphuret of cal- 
cium in contact with water. 

Phosphureted hydrogen is a colorless gas, exhaling a 
peculiar odor, like garlic, and, when burning, produces 
phosphoric acid and water. It exists under two forms: 
1st. Spontaneously inflammable; 2d. Not spontaneously 
inflammable. It is said that the first may be changed into 
the second by small quantities of the vapor of ether, oil of 
turpentine, &c., and the second into the first by the addi- 
tion of a minute quantity of nitrous acid. 

CHLORINE. C/=35-47. 

Chlorine is found abundantly in nature in union with so- 
dium, forming common salt, a substance which, for the 
most part, gives to the sea water its salinity, and consti- 

Bescribe the preparation of phosphareted hydrogen. "What are tbe 
properties of phosphureted hydrogen ? How may its two forms be con- 
verted into each other 7 In what sabstances does chlorine chiefly occar 1 
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tntes the deposits of rock salt. It is, therefore, an abnnd- 
■nt Bubfltance. 

Gblorine Is beat made by tbe action of hydrochloric acid 
on peroxide of manganese : 

JI&O. + 2HCI ... = ...Mna + 2H0 ■\- CT ; 
that is, one atom of peroxide of manganese and two of 
hydrochloric acid yield one atom of the chloride of man- 
ganese, two of water, and one of chlorine. Half tbe cblo- 
line is, therefore, given off as chlorine gas, and the otbor 
half remains as chloride of manganese. 

Chlorine gas being very soluble in cold water, and act- 
ing with great energy on mercu: 
neither be collected at the water nt 
rial trough ; but, having a specific eravity of 
3'470, we are able to collect it by tne meth- 
od of displacement, as shown in Fig. 227. j 
It may, however, also be coJIected o' 
irater or a saturated solution of c 

When chlorine is required in a 
be obtained by an apparatus like that represented in Fig. 
£28. a IB the retort containing tbe hydrochloric acid and 
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It is connected with a small receiver, &, 
which retains part of tbe water which the ^ may bring 
over ; this, again, is connected with a chloride of calcium 
tube, c, which effects the perfect drying of the gas. 

Chlorine is a gas of a pale, yellowish green color. It may 
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be liquefied by a pressuile of four atnx)6pbere0. A taper 
immersed in it bums for a few minutes witb a dull led 
flame, emitting volumes of smoke, due to tbe fact that the 
Fig. st9. bydrogen of the flame continues to bum or unite 
witb tbe cblorine, forming bydrochloric acid; but 
tbe carbon, having little affinity for cbloriDe, is 
set free in an uncombined state, as lampblacL 
Powdered antimony, or thin bilGiss leaf, planged 
in this gas, becomes incandescent, and bums, pro- 
ducing a chloride. A piece of phosphorus im« 
mersed in it takes fire at common temperatures, 
and bums with a pale flame. The smell of chlo- 
rine is disagreeable, and its effect, even in a diluted state, 
Bufibcating. It irritates the air passages of the lungs, 
producing hiccough and an unpleasant expectoration. 




LECTURE LI. 

Chlorine, continued. — Bleaching Properties. — Comhu^ 
tion of Hydrocarbons, — Disinfecting Qualities, — Com- 
pounds with Oxygen. — « Properties of Hypochlorouii 
Chlorous^ and Chloric Acids,— ^Quadrochloride of Nitro' 
gen, — Hydrochloric Acid, — Preparation in the Gaseout 
and Liquid States, 

The most vsduable property of chlorine is its power of 
discharging vegetable colors, on which is founded its ap* 
plication in the arts of bleaching and calico printing. This 
j^^. 230. property may be illustrated in many ways. By 
f^ pouring a solution of litmus or indigo through a 
funnel, a. Fig. 230, into a rfask, b,<S(mtSL\mng chlo- 
rine gas, the decoloration takes place instantlv, or, 
If if the color is not completely discharged, it wjll be 
found, in a short time, to disappear. The same 
takes place when a solution of chlorine in water is 
used. 

The peculiarities of chlorine in supporting combustion 
are remarkable, when compared witn those of oxygeri 

What are it« relationa in the combustion of a taper, and how does it act 
on certain metals and phosphorus 1 What is its effect on the anima) 
■yatem 7 Of the propertie« of chlorine, which is the most valaable 7 HoW 
may it be illostrated? 
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gas. A piece of paper, Fig. 231, dipped in oil j^ ^^j 
of turpentine, takes fire in a moment at com- 
inon temperatureSy when placed in a jar of chlo- 
rine, and, as we have seen, phosphorus and sev- 
eral of the metals undergo- spontaneoas ignition 
id the same manner. These phenomena depend 
on the intense affinity which chlorine has for elec- 
tro-positive bodies, but it is very remarkable that 
it seems to have little disposition to unite with 
carbon. As in the burning of a taper, so in this exper- 
iment with turpentine, it is the hydrogen which bums, and 
the carbon is evolved in clouds of smoke. 

Chlorine is also used by physicians for the purpose of 
destroying miasmata, and the effluvia of sick-rooms or oth- 
er places. It is necessary, from its irrespirable qualities, 
to disengage it slowly and with caution where patients 
are present. The chlorides of soda and lime are common- 
ly used. 

Free chlorine may be detected by its smell, its bleach' 
ing action on indigo solution, and giving a white, curdy 
precipitate with the nitrate of silver. Its solution in water 
la readily made by introducing a small quantity of water 
into a bottle full of chlorine, agitating it, and opening the 
mouth of the bottle from time to time under water ; the 
gas being gradually absorbed, the bottle becomes full of 
water, which, of course, contains its own volume of chlo- 
rine. This solution decomposes in the sunshine, evolving 
oxygen gas, the water being decomposed. With oxygen 
chlorine unites in several proportions, producing, 

CIO . . C/O, . . C/O5 . . ClO^. 
They are designated 

Hypochloroaa add. | Chbric acid 

Chlorotts acid. | Perchloric acid. 

HYPOCHLOKOUS ACID. CIO = 43-483. 

Hypochlorous acid may be obtained by agitating the 
red oxide of mercury, suspended in water, with chlorine. 
if a strong solution of it be placed in an inverted tube, 
and pieced of dry nitrate of lime be added, the gas is dis- 

What is the cause of the clouds of smoke deposited when carburets of 
hvdrogen bum in chlorine gas ? For what purpose is chlorine ased by 
tthyiiciaiifl t How may chlorine be detected ? How may a solut ion of it 
oe mAde 1 What compounds of chlorLne and oxygen are known? Itoir 
is hypoddohiafl acid made, and what are ita pn>patie9 ? 

u ■ 
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eogaged, and rises to the top of the tube. It is of a deep- 
er color than chlorine, bleaches powerfully^ and, by a 
slight elevation of temperature, explodes, evolving two 
volumes of chlorine and one of oxygen gas. 

The bleaching compounds are compounds of chlorides 
and hypochlorides. They are easily decomposed by 
acids. Thus, when chloride of lime is to be used for dis- 
infecting purposes, it is merely required to expose it with 
water to the carbonic acid of the air, or to add a little of 
it, from time to time, to a vessel containing dilute sulphur- 
ic acid. 

CHLOROUS ACID, CIOa =s= 67-522, 

may be made by cautiously acting on small quantities of 
chlorate of potash with sulphuric acid. It is a yellow 
gas, which explodes furiously from very slight causes, the 
warmth of the hand being often sufficient to give rise 
to a violent action. It contains two volumes of chloriDO 
and four of oxygen, condensed into four volumes. It may 
be conveniently made by operating on a few g^ins of the 
Fig. 232. chlorate in a test tube. If into a glass, a. Fig. 
jj 232, containing water, a small quantity of chlo- 
rate of potash is placed, and upon it a few firag- 
ments of phosphorus, and sulphuric acid be 
f^S poured through a funnel, h, so as to act on the 
p chlorate, chlorous acid is set free ; it communi- 
cates a golden yellow color to the "water, and 
as each bubble passes by the phosphorus it sets it on fire, 
furnishing a beautiful instance of combustion under water. 

CHLORIC ACID, ClOs = 75-535, 

may be made by decomposing the chlorate of baryta by 
sulphuric acid, and evaporating the solution. It is a yel- 
low, viscid acid : a piece of paper dipped in it is set on 
fire. It does not bleach. It forms salts, one of which, the 
chlorate of potash, is of considerable importance, and is 
used for the preparation of oxygen. A few grains of the 
chlorate of potash, ground in a mortar with a pinch of 
flowers of sulphur, explodes incessantly during the tritu- 
ration. 

PERCHLORIC ACID. C/07== 91-561. 

The perchlorate of potash forms along with the chloride 

What are the properties of chloric acid 7 How may the comboatiaa of 
phosphoras under water be produced by it 7 How is chkoic acid made f 
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of potassium when one third of its oxygen is expelled 
from chlorate of potash ; the two salts may he separated 
from each other by boiling in water, the perchlorate crys- 
tallizing on cooling. From this perchloric acid may be 
obtained by distillation with an equal weight of oil of vit- 
riol, mixed with half as much water. It may be obtained 
in the form of a white crystalline mass, very deliquescent, 
and its solution is sometimes used as a test for potash, 
with which it gives a sparingly soluble salt. The solu- 
tion fumes in the air, has a specific gravity of 1*6d, and 
does not possess bleaching properties. 

CHLORINE AND NITROGEN. 
These substances unite, forming an oily liquid, when a 
warm solution of sal ammoniac is exposed to chlorine gas. 
The resulting body is regarded as a quadrichloride of 
nitrogen {NCl^j, By its violent explosions, several emi- 
nent chemists have been seriously injured. The mere 
contact of oily matter produces a detonation. 

CHLORINE AND HYDROGEN. 

HYDROCHLORIC ACID. HCl = 36-47. 

This acid, called also muriatic acid, is easily prepared 
by placing in a flask six parts of common salt and ten 
parts by weight of oil of vitriol, mixed with four of water, 
the mixture being suffered to cool before it is introduced. 
On heating the mixture, hydrochloric acid is evolved, 
which passes along a bent tube into a bottle containing 
six parts (by weight) of water. The end of the tube dips 
but a very short distance beneath the surface of this wa- 
ter, so that if the liquid should rise it may be received 
into a ball blown upon the tube, and the extremity of the 
tube becoming uncovered, atmospheric air may pass into 
the interior of the flask. At the close of the process, the 
liquid in the bottle, which should be constantly surrounded 
by ice water in a small tank, more than doubles its volume, 
and is a pure solution of hydrochloric acid. The action is 

iVbCZ + 2(H0, SO,). .. = ... HCl + {NaO,HO,2SO,); 

that is, one atom of chloride of sodium and two of sul- 
phuric acid yield one atom of hydrochloric acid and one 
of the bisulphate of soda. 

H ow is perchloric acid prepared, and for what purpose is it osed? 
What are tue properties of the chloride of nitrogen ? How is hydrochloric 
acid made 7 
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From the liqakl thus prodaced, or froni the com me rcial 
muriatic acid, by heating in a flask, pure hydrocfaloni; 
acid gas maj be obtained ; it may also be less adyanta- 
geously procured by the direct action of strong oil of nt* 
riol on common salt, the reaction in this case being 

NaCl -\- HO, SO^... = ...HCl -h NaO, 80^ 

Pure hydrochloric acid is a transparent, colorless gas, 
possessing powerful acid qualities, very absorbable by wa^ 
ter, which liquid takes up several hundred times its own 
Tolume of the gas ; it fumes in moist air, and has a pungent 
odor. If a dry Florence flask {Fig, 233) be fV-s». 
filled with it by the process of displacement, 
and the mouth of it opened under the surface 
of cold water, the water rushes np into the 
flask, absorbing the gas with great violence. 
The specific gravity of hydrochloric acid is 
1*284. It contains equal volumes of its constituents, urn* 
ted without condensation. 




LECTURE LIL 

Chlorine, continued. — Production rf Hydrochloric Add 
by Light, — Action of Hydrochloric Acid on MetaUie 
Protoxides, — Muriatic Acid Solution, — Detection rfHy* 
drochloric Acid. — Nitromuriatic Acid, — ^Iodine. — Sout' 
ces of, — Preparations and Properties,^-- Tests for Iodine, 
— Its Action on Starch,-^ Hydriodic Acid, — Oxygen 
Compounds of Iodine, 

Pure hydrochloric acid gas is also obtained when a 
mixture of chlorine and hydrogen, in equal proportions, 
is exposed to the light. In the dark these gases appear 
to have no disposition to unite, but if they be placed in a 
flask covered over with a wire screen, and a beam of the 
sunlight reflected upon them from a looking-glass, a rio- 
lent explosion ensues and hydrochloric acid is formed. 

I have found that, in this remarkable experiment, the 
action is chiefly due to the chlorine, which, from being in 

How may tlie gas be i)rocored ? What are the propertiei of hydro- 
chloric acid ga«T How may iu affinity for water be proved? What if 
its conatitation T What is the action of sunlight on a mixtare of chlorine 
and hydrogen ? To which of these bodies is this action dae 7 
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% passive^ assumes an active state by exposure to rays of 
m indigo colon It may be thrown into the same condi- 
tioii in many other ways ; for example, by the contact of 
spongy platina. Moreover, when chlorine by itself has 
been exposed to the sun, it gains the quality of uniting 
more easily with hydrogen than chlorine which has been 
made and kept in tbe dark. 

Wben hydrochloric acid is brought in contact with 
metallic oxides, decomposition of both ensues, and metallic 
chlorides are formed, thus : 

MO + HCl ... = ... MCI + HO, 
or, ilfjOs + 3(JEra) ... = ... M,Ch + SHO; 

that is, one atom of a metallic protoxide with one atom 
of hydrochloric acid yields one atom of a protochloride of 
the metal and one. of water. But, in the case of a sesqui- 
oxide, one atom of it with three of hydrochloric acid 
yield one atom of the metallic sesquichloride and three of 
Vrater. 

The constitution of hydrochloric acid, and its Fig. 234. 
action on metallic oxides, may be strikingly illus- 
trated by taking a flask, b {Fig, 234), filled with 
it, in a perfectly dry state, and allowing the perox- 
ide of mercury, in fine powder, to fall through it. 
The bichloride of mercury, corrosive sublimate, 
instantly forms, and drops of water make their ap- 
pearance on the sides of the flask. 

IlLis under the form of a solution in water, as liquid 
muriatic acid, or spirit of salt, that hydrochloric acid is 
chiefly used. The mode of obtaining it has been described 
in the last Lecture. This liquid, when concentrated, has 
a specific gravity of 1*21, and contains 42 percent, of acid. 
It smokes m the air, and reddens blue litmus powerfully. 
The commercial acid is usually of a yellow color ; it con- 
tains chloride of iron, derived firom the iron vessels from 
which it is distilled. It also often contains sulphuric acid, 
chlorine, sulphurous acid, tin, or arsenic, and is, therefore, 
best prepared by the process described, which yields it in 
perfect purity. 

Hydrochloric acid may be detected by yielding, when 

VThat is the action of hydrochloric acid on metallic oxides ? What are 
tiie i»<odiiota of the action of hycbrochloric acid on peroxide of mercury 9 
What am die propertiea of Uqoid moriatic acid ? What are its im- 
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Fig.^. in a free state with ammonia, dense white cloudB 
of sal ammoniac. If two glasses, one filled 
with this acid, and the other with ammonia, be 
brought near each other, a white cloud forms be- 
tween them. A glass rod, a (Fig-. 236), dipped 
in ammonia may be used for the same pjg ^ 
purpose. With nitrate of silver hydrochloric ^ 
acia yields a white chloride of silver, which 
turns black in the light, being the same pre- 
cipitate given under the same circumstances 
by free chlorine. From this latter substance 
it may be distinguished by litmus water, which 
is bleached by chlorine, and reddened by hydrochloric acii 
Nitromuriatic acid, or aqua regia, is formed by adding 
to hydrochloric acid one half or a third of its volume of 
nitric acid. The nitric acid, furnishing oxygen to the hy- 
drochloric acid, forms water, and chlorine, with nitrous 
acid, is set free in the solution. Aqua regia is used as a 
solvent for platina and gold, a result which may be illos- 
trated by placing a sheet of gold leaf in the mixture. 

IODINE. /= 126-57. 

Iodine chiefly occurs in the products of the sea, being 
found in sea-weed, sponge, &c. ; also in certain biise 
springs, and in some ores of silver and zinc. 

It may be obtained by lixiviating the ashes of sea- weeds, 
and evaporating the solution until no more crystals are de- 
posited. The residual liquor is then acted upon by sul- 
phuric acid, and subsequently heated with peroxide of 
manganese, in a leaden retort, a h c {Fig. 237, page 235), 
the iodine distills over into the receivers, d. 

It is a solid substance, of a deep blue or black appear- 
ance, with a semi-metallic lustre, communicates to the 
skin a fugitive yellow stain, and exhales an odor like that 
of sea beaches. It crystallizes in rhomboidal plates, is 
brittle, and has a specific gravity of 4'948. At 225° it melts, 
and boils at 347^, exhaling, even at moderate tempera- 
tures, a splendid purple vapor, from which its name is de- 
rived. The specific gravity of this vapor is 8*707 ; it is, 
therefore, one of the heaviest gaseous bodies known. 

How may hydrochloric acid he detected? What is the preparation 
and property of nitromariatic acid ? From what source is iodine procured f 
What is the method of its preparation 7 What is its appearance 7 What 
is tke color of its yapor 7 From what circumstance is its name derived t 
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Iodine eupporta combusdoD much in tfae Fig. us. 
came manner as chlorine. Ajar, a {Fig. 238), 
containing a few grains of it, placed in a small ' 
sand bath, b, and warmed by a spirit lamp, c 
may be easily filled with its dense vapor, the 
atmospheric air floating out before it. In this 
vapor if a lighted taper is plunged, it exhibits 
a retarded combustion ; but a piece of phos- 

S bonis, introduced on a spoon, takes fire and bums. 
le same manner, if a quantity of iodin 
bo placed in a small capsule, and upon 
a fragment of dry phosphorus {Fig. 239), 
BpontaneouB ignition ensues, with the ev- 
olution of phosphoric acid, and the vapor 
^iodine, iodide of phosphorus remaining 
in the capsule. 

In water, iodine is but slightly soluble, . 
that liquid taking up ^^fVith part of its 
freight and assuming a brown color. Alcohol dissolves 
it freely, forming tincture of iodine. In solutions of the 
iodides iodine may be dissolved. 

With many substances iodine gives characteristic reac- 
tions. The iodide of potassium, with the acetate of lead, 
What are iti reUtiom H rwpect* combattiOD I Ii it «i>lQble in wUar 




:S90 HYDRIOMO ACID. 

yields a golden yellow precipitate ; with the biehloride of 
mercury, a fine scarlet-colored biniodide. This substance 
possesses the singular quality that, if dried and sublimed 
m a tube, it yields crystals of a biilliant yellpw aspect, 
which become red on being simply touched with a hard 
body. With a solution of starch £ree iodine yields a deep 
blue color, the solution becoming colorless if heated, but 
the blue color returning on cooling, provided the temper- 
ature has not been carried to the boiling point. If a po- 
tato be cut in two, and a little tincture of iodine poured 
QXi the sui*face, innumerable blue specks make their ap- 
pearance, each corresponding to the position of a granule 
of starch. Starch and free iodine will, therefore, mutually 
detect the presence of each other. 

HYDRIODIO ACID. /r/= 187-57 

Hydriodic acid gas may be obtained by dissolvine in a 
solution of iodide of potassium as much iodine as it will 
hold, adding small pieces of phosphorus, and warming the 
mixture. A colorless transparent gas is evolved, which 
fumes in the air, and may be collected over mercury. Its 
specific gravity is 4*384. It has the general relations of 
hydrochloric acid, and, like it, is very soluble in water. 
Fig. 240. A solution of hydriodic acid in water may 

be made by passing a stream of sulphureted 
hydrogen from a flask, a (Fig. 240), through 
II water, b, in which that suDstance is suspend- 
ed. The acid forms and sulphur is deposited : 

I -\- HS ... = ... <S» -f- Jil, 

With nitrate of silver this acid yields a pale yellow pre- 
cipitate, the iodide of silver. This is the substance which 
forms the basis of the remarkable compound used in the 
Daguerreotype. In that case it is formed by holding a 
plate of pure, polished silver in the vapor of iodine ; the 
plate tarnishes and turns yellow, and, if set in the sun- 
shine, turns promptly of a deep olive black. 

Iodine yields two oxygen acids, iodic {10^) and peri- 
odic acid (/O7). With nitrogen, also, it gives NI4, char- 
acterized, like the analogous compound of chlorine, by the 
facility with which it explodes. 

How may it be detected? In what maimer ia hydriodic acid made? 
What is the simplest method of obtaining a solution of it 7 What is the 
precipitate it yields with nitrate of silver 7 What are the oxygen oom' 
pounds of iodine 7 
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LECTURE LIII. 

Bbomine — Fluorine. — Bramine. — Sources of, — Proper- 
ties, — Compawids of. — Fluorine. — Hydrofltioric Acid. 
-^Its Properties and Action on Glass, — Carbon. — Alio- 
tropic Forms of, — Preparation of some of those Forms, 
— Diamond. — Oxygen Compounds of Carbon, — Carbon* 
ie Oxide. 

BBOMINE. Br = 78-39. 

Brobcine occurs in sea water, and also to a more consid- 
erable extent in certain brine springs both in America and 
Europe. From these it may be obtained by evaporating 
the water until the salt solution is concentrated, and after 
liie chloride of sodium has crystallized from the liquor, 
passing through it a current of chlorine gas, the solution 
tiding yellow as the bromine is set free. It is next agita- 
ted with sulphuric ether, which carries to the surface all 
the bromine. This is then acted on by potash, which gives 
a mixture of bromate of potash and bromide of potassium. 
Od ignition, oxygen is expelled, and the whole converted 
iito the latter salt, from which the bromine may be distilled 
by the aid of peroxide of manganese and sulphuric acid. 

It is a liquid of a deep blood-red appearance, solidify- 
ing at — 40 F., and boiling at 113° F. Its specific gravity 
is 2'99. It exhales an orange vapor, and is commonly 
kept beneath the surface of water. Its smell is very dis- 
agreeable, a circumstance from which its name is derived. 
Like chlorine, it bleaches, and in all its relations possesses 
a general resemblsuice to that substance. A lighted taper 
barns for a short time in its vapor with a greenish flame. 
Phosphorus bums spontaneously in it. 
- Bromine yields a hydrogen acid (JEfBr), hydrobromic 
add, and with oxygen, broraic acid (BrO.-,). In their gen- 
eral properties these bodies resemble the corresponding 
compounds of chlorine. The bromide of silver is much 
more sensitive to light than either the chloride or iodide. 

FLUORINE, F= 1874, 

IB found in combination with calcium, as the fluoride of 

From wliiit •onree is bromine ohtBined ? Wbftt are tiie properties of 
bitmiiie* and to wliRt bodies has it a close analoc^y f 
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calcium, or fluor spar. It occurs also in the topaz and 
other minerals. In the enamel of teeth and in bones it has 
been detected, especially in fossil bones, which sometimes 
contain as much as ten per cent, of fluoride of calcium. 

The special propeities of fluorine are as yet unknown, 
for it has not been isolated. Various attempts have been 
made at different times, but without satisfactory resuk& 
It possesses an intense affinity for electro-positive bodies, 
and gives rise to a series of compounds resembling those 
of chlorine, iodine, &c. It does not unite with oxygen. 

HYDllOFLUORIC ACID. HF =l9^i. 

This energetic acid may be obtained by decomposing 
fluoride of calcium by sulphuric acid in a vessel of pladna 
or lead, the vapors being conducted into a metallic re- 
ceiver kept at a low temperature. The action is 

CaF + HO, iSO, ... = ... CJaO, SO^ -H HF. 

It is a smoking liquid, which acts powerfully on the 
skin, boils at a temperature of a little above 60'' F., and 
possesses the remarkable quality of corroding glass. 

If a piece of glass be coated over with a thin film of 
bees* wax, and letters or other marks made through tbe 
wax to the glass with a pointed implement, on setting it 
over a vessel of lead or tin in which, from a mixture of 
fluor spar and sulphuric acid, hydrofluoric acid is escaping 
in vapor, the glass is deeply etched on all those paits 
which have been uncovered, as is seen when the wax is 
removed. Liquid hydrofluoric acid may be employed 
for the same purpose, but the letters are not so visible as 
when the vapor is used. 

CARBON. C7 = 604. 

This, which is one of the most interesting and import- 
ant of the elementary bodies, occurs under many oubr- 
ent natural forms. It is an essential ingredient in the 
structure of all animal and vegetable beings ; it is fbond 
in various states in the air, the sea, and the crust of the 
earth. 

The striking peculiaiity of carbon, which at once arrests 
our attention, is the different allotropic conditions under 
which it is presented. This substance may be said to yield 

Are the special properties of fluorine known 7 How is hydroflaoric acid 
made 7 What remarxable qaality does it poaseaa 1 From what fourcei 
may cartion be procured 7 What la ita moat atrikiog property 7 
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1 itssif a whole group of elementary bodiea. Among 
'litese might ' . .- . ^■ 



ated, (1.) Diamond, which crys- 
, is traiisporenl, in combustible, eK- 
— - ^ ,5, u - "i 'ho hardest body known ; hence 

&B use in cutting gloas. (S.) Gas-carbon, which, unlike 
^mamoDd, IB a good conductor of electricity, and is opaque. 
'j(3.) The various forma of charcoal, anthracite coal, and 
Coke. (4.) Plumbago, which has a metallic lustre, ia 
•paqiie, and so aotl and unctuous that it is used to relieve 
the friction of machinery. (5.) Lampblack, a powerful 
absorbent of light and heat, and possossing such strong 
affinity for ojtygen that it can take lire spontaneously in 
the air. 

Other forms of carbon might bo cited; these, however, 
itre enougb to establish the fact that this single body fur- 
nishes varieties which differ more strikingly from each 
other than many different metallic bodies. 

Charcoal is made by the ignition of wood in close vea- 
lels, the volatile materials being dissipated and the Fie-:"- 
carbon left. The nature of the process may be il- 
lustrated by taking a slip of wood, b, Fig. 241, and 
placing its burning extremity in a test tube, a. This i 
retarda the access of the surrounding air, and, as tl 
CombuBtioQ proceeds, a cylinder of charcoal is lefl 
ftf- ai3- Lampblack is formed r 

a similar principle. In tl 
iron pot, a, Fig. 242, aom 
pitch or tar is made to boi 
a small quantity of air being ad- 
mitted through apertures in the 
brickwork. Imperfect combustion 
takes place, the hydrogen alone 
burning, the carbon being carried 
as a dense cloud of smoke into 
the chamber i c by the draft. 
In this there is a hood, or cone, of 
coarse cloth, d,_ which may be 
raised or lowered by a pulley. The sides of the chamber 
are covered with leather, and on these the lampblack 
collects. 

Diamond is the purest form of carb on. Its specific 
Mcnrion eame c( ita aUotropic farms. How are cimrcnni ami IftDipblnck 
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graTity is 3-5 : it exhibits m Ugli lefinBcdve and diaperm 
action upoo ligbt. Charcoal poaB e saea, in conaeqnenoe d 
ita porous strucrnre, the quality of abaarbing many tinm 
its own volume of difierent gases. Itovt black, whick is 
made by the ignition oi bones in close reaaela, baa the fal* 
liable quality of removing organic coloring matten from 
their solutions : a property which may be ahown by filtn^ 
ing a solution of indigo throagh it. In all its forms, etf- 
bon seems to be infusible, but when burned in air or tt 
excess of oxygen, they all give rise to carbonic acid m 
It combines directly with several of the metals, yielom^ 
carburets. With oxygen it gives two compoondAi 

CO ... CO^ 

designated respectively as carbonic oxide and carbonic 
acid. ' "' 

CABBONIC OXIDE, CO = 14-053, 

18 produced when carbon is burned in a limited supply 
of oxygen, or when carbonic acid is passed over red-iiot 
iron, or over red-hot carbon. In these cases the acdou 
are: 

CO^+G ... = ...2(00). 

CO^+Fe ... = ... CO+FeO. 

In the first the carbonic acid unites with one atom ol 
carbon, and yields two of carbonic oxide ; in the second, 
it loses one atom of oxygen to the iron and yields one of 
carbonic oxido. It may also be prepared by heating ox- 

Fig. 343. A^^c ^^^^ ^^^ ^^^ o^ vitriol m a flask, 

a, Fig, 243, the deco mp oe iii on giving 
equal volumes of carbonic adld ana 
carbonic oxide, as is explained wider 
oxalic acid. The acid may be sepa- 
rated by passing the mixture through 
a bottle, b, containing potash water, 
and tho oxido collected over water. But the beBtjprocew 
for pnH'.uring it is to heat one part of prussiate or potash 
with tun of oil of vitriol in a retort : the carbonic oxide 
comes over in a state of purity. 

Art oluaiiiod by any of these processes, it is a colorless 

WliHt nro tho i>n)|)orlics of diamond? What are those of ivory black? 
Whwt aw tho oxyHTMii componnds of carbon? What is the action at car* 
Uiii and i>t'motiilho iron on carbonic acid at a red heat? How ia carbome 
oxidt) pmduood iVnin oxalic acid ? From what oAer anbatance maj it ba 
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gas, which may be kept over water, in Kg. MC 

which it is only sparingly soluble. It 
18 without odor, and is irrespirable. A 
jet of it bums in the air with a beauti- 
ful blue flame, combining with oxygen 
and yielding carbonic acid. Its specific 
gravity is 0-9722: it has never been 
liquefied. It is the combustion of this 
gas which produces the blue flame ofl:- 
en seen in a coal fire. Carbonic oxide 
is a compound radical, giving origin to a series of bodies. 




LECTURE LIV. 

Carbonic Acid. — Methods of Preparation hy Decomposi- 
tion and Coinbtistion. — General PropertieSf and Relation 
to Combtution and Respiration, — Its Solution in Water. 
— Exists in tJie Breath. — Its Liquid and Solid Forms, 
— Light Carbureted Hydrogen, — Marsh Gas, — Natu- 
ral and Artificial Productionr^-Olefiant Gas. — Action 
with Chlorine^ 

CARBONIC ACro. COi = 23066. 

Carbonic acid is commonly prepared by the action of 
dilute hydrochloric acid on chalk, or any carbonate of 
lime, the action being 

CaO, CO^+HCl ... = ... CaChHO+CO^; 

that is, one atom of carbonate of lime and Fig. 249. 
one of hydrochloric acid yield one atom of 
chloride of calcium and one of water, and one 
atom of carbonic acid gas is set free. The 
process may be conducted in a flask, as in the 
figure, the gas being evolved so rapidly that 
it may be collected over water, though that 
liquid absorbs it very fi:eely. 

Carbonic acid is abundantly formed in many process- 
es. It is the result of the complete combustion of carbon- 
aceous bodies, is evolved during the respiration of ani- 

What are flie propertieB of lihis gas ? How is carbonic acid gas made T 
Under what dicimuitaiices is carbonic acid formed daring combustion 7 in 
what o^ier processes does it appear? 
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mals, and in alcdholic fermentation. It is ihejixed aird 
the older chemists. 

It is a colorless and transparent gas at common tem- 
peratures, with a faint smell and slightly acid taste. It is 
irrespirable, and acts in a diluted state as a narcotic pois- 
on ; even aii*, containing one tenth of its volume oi this 
Kg. fM. gas, produces a marked efiect. Its specific 
gravity is 1'527, and it may, therefore, be 
collected by displacement {Fig, 246). For 
the same reason, it collects in the bottom of 
wells and pits, and often suffocates work- 
men who descend into such places. It does 
not support combustion ; a lighted taper lowered into a 
Fig. 847. j^^ partly filled with it is extinguished the mo- 
ment it reaches the gas (jP^. 247). It may be 
poured from one vessel to another, and if a jar of 
it is poured upon the flame of a candle, the light 
is at. once extinguished. Its density and otber 
qualities may be well illustrated when it is 
formed by the action of fuming nitric acid on 
carbonate of ammonia, a smoky cloud marking 
its position and movements. 
Carbonic acid reddens litmus water, but the bine cd- 
Figjiis, or is restored on boiling, the acid f^, ^mq. 
being driven off by the heat It is 
soluble in water, which, under in- 
creased pressure, takes up several 
times its volume of it, constituting 
the soda water of the shops. Its 
solubility may be established by 
agitating it with water in Hope's 
eudiometer, Fig, 248, or by passing it 
through Nooth's soda-water machine, Fig. 
249. 

A common test for the presence of car- 
bonic acid in wells is to lower a lighted 
oandlo, and if its flame be extinguished, ' 
it is inferred that the gas is present ; but it does not fol- 
low that a man mav safely descend into such places though 
a candle will contmue to bum. 






What are iU properties ? What are its relations to combostioDf 
What is its spociffc gravity 7 What is soda water ? How may caiiwok 
McJd be detected ? 
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If, through a tube, the breath be made to pass into 
lime-water, a deposit of carbonate of lime renders the 
"water milky ; or, if the breath be conducted through lit- 
xmis water, the color changes to red ; the air thus expired 
from the lungs contains three or four per cent, of carbonic 
acid. 

Under a pressure of thirty-six atmospheres, carbonic acid 
condenses mto a liquid characterized by the extraordinary 
quality that it is four times more expansible by heat than 
even atmospheric air. This liquid, when allowed to es- 
cape through a jet, evaporates so rapidly, and produces so 
inuch cold, that a portion of it instantly solidifies. Solid 
carbonic acid is a substance not unlike snow ; mixed wdth 
alcohol or ether, it produces a degree of cold equal to 
— ISQOFahr. 

Although carbonic acid has the name of an acid, it pos- 
oesses the properties indicated by that term in a feeble 
degree. The gas contains its own volume of oxygen. 
The common test for its presence is lime-water, which is 
rendered turbid by it. 

CARBON AND HYDROGEN, 
These substances unite, producing many compounds, 
some of which are solid, some liquid, and others gaseous. 
They are of course all combustible bodies, and the de- 
scription of nearly all of them belongs to organic chem- 
istry. 

LIGHT CAJIBURETED HYDROGEN, CH^ 2= 804, 
occurs abundantly in coal mines, and forms with their 
atmospheric air explosive mixtures ; it is also found dur- 
ing the putrefaction of vegetable matter under water ; 
on stirring the mud of ponds, bubbles of this gas escape ; 
hence the name marsh gas. It may be obtained artificially 
by heating acetate of potash with hydrate of baryta. 

(KO) + {Cja,0,) + ( JBaO, HO) ... = ... (XO, CO,) + 

(BaOyCO,)-\-2CH,; 

that is, one atom of acetate of potash with one of hy- 
drate of baryta yield one of carbonate of potash, one of 
carbonate of baryta, and two of light Carbureted hydro- 



How can its existence in the breath be proved ? What are the proper- 
ties dT licpiid axklsdidcariMmic acid? What is the teat ^ttS.X'l '¥^^\&k<s 
light cmanetod hydrogen be made 7 WbeTe \b Vt fovDidi -aaXnaniSX^ "V 
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gen gas, the acetic acid being decomposed, by the aid of 
water, into carbonic acid and marsh gas. It is a cob^ 
less gas, bums with a yellow flame, producing water and 
carbonic acid. Its specific gravity is 0*555, forms explo- 
sive mixtures with air, and is the flre damp of coal mines. 
The choko damp, which exists in mines after an explo- 
sion, is carbonic acid gas, originating £rom the combustion. 
This gas is decomposed by chlorine in the light, but not 
in darkness. 

OLEFIANT GAS. C^H^ = 2816. 

Olefiant gas may be made by heating one part of alco- 
Fv-250. hoi with four of sulphuric acid in 

a flask, a. Fig. 260. The vapor of 
ether which comes over with it may 
be removed by causing the gas to 
pass through a small bottle, 5, con- 
taining sulphuric acid, before bebg 
collecte.d at the trough. It may also 
be obtained by an apparatus such as F^, 251, in which 



Fiff. 951. 
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h {^ the flask containing alcohol and sulphuric acid, and a 
an interposed globe to receive the ether, oil of wine, and 
water, which distill over. 

Oleflant gas is transparent and colorless ; bums with a 
beautiful flame {Fig. 252, page 245) ; forms an explosive 
mixture with oxygen, giving rise by its combustion to car- 



Of what docs the explosive gas of coal mines consist ? How is olefiant 
gas prepared? What are the prodacts ofcombostion of olefiant gasf 



CYANOGEN. 

bonic acid and water. If mixed with 
an equal Yolume of chlorine, the gases 
condense into an oily liquid, f^*om which 
olefiant gas has received its name. With 
twice its voliune of chlorine, if it be set 
on fire, hydrochloric acid is formed, and 
carbon is deposited as a dense black 
imoke. 

Olefiant gas also exists as one of the 
chief ingredients in the gas employed 
for illuminating cities. 
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LECTURE LV. 

Gfanogen. — Modes of Preparation, — Liquefaction, — An 
Electro-negative Compound Radical, — Bisulphuret of 
Carbon. — Boron. — Boracic Acid. — Tcrfluorvde of Bo- 
ron. — Silicon. — Silicic Acid. — Fluoride of Silicon, — 
ComjHmnds of Hydrogen and Nitrogen, — Amidogen. — 
Ammonia. — Ammonium. — Theory of Berzelius, 

CYANOGEN, Cy,.OB. BICABBURET OF NITROGEN. Cai\r=26-23. 

Carbon unites with nitrogen, forming a bicarburet, 
when these substances are in the nascent state and in pres- 
ence of a base. It may be obtained very easily by expo- 
sing the cyanide of mercury to heat, or by heating a mix- 
ture of six parts of ferrocyanide of potassium and nine of 
corrosive sublimate. 

It is a colorless gas, having a peculiar odor. It burns 
with a beautiful pui*ple flame, dissolves readily in water, 
and still more so in alcohol, condenses into a liquid by a 
pressure of 3'6 atmospheres at 45^ Fahrenheit, as may 
he shown by heating with a lamp cyanide of mercury in a 
bent tube, as seen in Fig. 253 ; the tube pig, 253. 
being closed at both ends, liquid cyanogen 
accum ulates at the cool extremity. T hough 
a compound body, it has all the properties 
and characters of a powerful electro-nega- ^^ 
tive element. A farther description of it ^S> 
and its compounds will be given under organic chemistry. 

What ia die action of chlorine on it? From what ha« it derived itj 
BuneT How ia cjranogen made t Howmayitbecoadenaedintoaliquid? 

X2 
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wUte auulwiiJifiiiiTparuaf cnfeatufiDof potaali.dinolT- 
Bij^ th i* resuking' ailicole' in wttnr, and decomposing tbe 
■olnlioo witfa tajdrochloiic acid, Tbe silicic aod sept- 
ratea aa a gelaonoua hfdnte, ^gfac!;- sohibte in water, 
wiiicb, when washed and dried, Tiolds a white powder 
abaolotely insoluble in water. There is reason to be- > 
liere thai the silicon exata in its dffiBFent allotropic itata 
in theoe two forma ot' silicic acid. 

Silica is a gritty sobatance, BuScieiHlj' hard to acntdi 
glass. Its specific graritj is 2~6& It corobiiies with the 
alkalies in exceoa to form glaa. It requires a high ten- 
pcTatnre for funon. Hjdrodaoric acid is the ooly add 
iriiich diflsolTea it. 

FLCORIDE OP SrLICO:^, SiTi = ^8^^ 

nay be obtained, as just stated, hj dissolving silica in bj- 
droSnoric acid, or bj healing 
a mixture o£ fluor spar and 
sand with sulpbuiic acid. It 
is colorless ; fumes in the 
air ; its specific Kravitj is 
3-66. Transmitted from tht 
flask irikich generates it, a. 
Fig. 257, through water, it 
is decomposed, bydrated ul- 
ica b^g de^iofiiied. To pre- 
Tent the tube which deliTen 
the gas being stopped up bf 
the silica, some quicksilver, 
f, may be put in tfae vessel, 
d, and the tube dipped into 
it, so that the babbles of gas 
contact with the water until they have 
reached the surface of the metal ; the sulphuric acid m»j 
be introduced through the funnel, I. In the water, hydro- 
fluosilicic acid forms, which is sometimes used as a te« 
for potash. 

Nitrogen and Hvhroobn yield three compounds : 
NH^ . . . NH, . . . Mf. J 
they are designated respectively by the names 




bydrogen «re admitted t 
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Amidogen. 

Ammonia. 

Ammoniam. 

AMIDOGEN. NHt = l6'19. 

Amidogen is a hypothetical compound radical, the ex- 

.Btence oi which, in several compounds, is inferred. On 

leating potassium in ammoniacal gas, one third of the hy- 

flrogen is set free, and an olive substance remains, the 

Bunidide of potassium. This, in contact with water, yields 

potash and ammonia. 

K, NH^ -hHO,..=z,..KO + NJS^. 

Amidogen is an electro-negative compound radical like 
cyanogen. 

AMMONIA. JVHa = 1719. 

This substance, called also volatile alkali^ from its 
properties, is an abundant product of the putrefaction of 
animal matters, and may be obtained by the destructive 
distillation of horn ; hence the term, spirit of hartshorn : 
it also exists in the air, arid is a common product of many 
chemical reactions. 

It may be obtained by heating in a flask, 
a. Fig. 258, equal quantities of slacked 
lime and muriate of ammonia, and, as its 
specific gravity is only 0*590, it may be col- 
lected, as in the cut, in a flask or jar, b, 
with the mouth downward, by displacing 
the heavier air. The action is, 

(iVffa + SCI) + (CaOy HO) ... = ... 
. CaCl + 2H0 + NH^, 

It is a transparent and colorless gas, of excessive pun- 
gency, and having all the qualities of a strong alkali. It 
turns turmeric paper brown, is absorbed with wonderful 
rapidity by water, which, at 32° F., takes up 780 times 
its volume of the gas, a result which may be illustrated 
by. inverting a flask full of it in some cold water, when the 
water rushes up with sufficient violence to destroy the 
flask very frequently. Ammonia neutralizes the strongest 
acids, as may be shown by dropping it into litmus water 
which has been reddened by sulphuric or nitric acid. 

What is amidogen? From what substances may ammonia be pro- 
cared ? What is its specific gravity ? What class of bodi es does it closely 
resemble ? How may its affinity for water be illustrated 7 How does it 
act OD reddened litmus water? 
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Kr. m. It is compoBed of three ToloineB of liydio- 

^en with one of nitrogen, condensed into two 
rolumes. It may be recognized by itt n- 

^ markable odor, and by the formation «f while 

^Bf ' clouds when a rod, a. Fig. 259, dipped in 

J^ muriatic acid, is approached to it. It cob- 

<^ denses into a liquid et 60° under a prevDie 

of $'5 atmospheres. 

Its solution is water, known aa aqua anunoniffi, is pre- 
pared by passing the gas erolved from slacked lime and 
' ' ic through Wolfe's bottles, aa is represented 

; the water will take it up until its speaGe 




gravity is lowered to 0'872 ; it then contains 33^ per 
cent, of gas. This solution, somewhat diluted, i^s muefa 
used by chemists for neutralizing and precipitating. It 
idso affords the best means of obtaining ammonia, mere- 
ly requiring to be wanned in a Sask, vdien the gas read- 
ily comes oE 

AMMONIUM, Am = NHt = 18-19, 
is a hypothetical body, and believed to be of a metallic 
nature ; its symbol is, therefore, Am. It may be combined 
with mercury by decomposing a solution of an ammoni- 
acal salt by a Voltaic current, the negative pole being in 
■— t with a globule of that metal, or by putting an 

it be detected T By whit pn>- 
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amalgam of potassium and mercury in water of ammonia. 
Under these circumst€uices,the mercury swells, and event* 
uall J becomes of a soft consistency like butter, preserving 
its metaUic aspect completely. All attempts to separate 
the ammonium from this amalgam have failed. It decomi- 
poses into NH^ and H. 

It is now generally agreed by chemists that ammonium 
is the basis of the salts of ammonia. Thus, sal ammoniac, 
called also the muriate of ammonia, is NII3 + HCl; but 
tibis is evidently the same as NH^ + CI, that is, the chlo- 
ride of ammonium. In all cases where ammonia forms 
neutral salts with the so-called oxygen acids, it requires an 
atom of water, but this water evidently gives it the con- 
stitution, not of NH^ + HO, but NH^^ -f O ; the water, 
therefore, makes it oxide of ammonium, which will unite 
with sulphuric, or nitric, or any other acid, precisely afiter 
the manner of any other metallic oxide. Moreover, the 
compounds of ammonia with this atom of water are iso- 
morphous with the compounds of the oxide of potassium. 
From these facts, therefore, we see that when sulphuric 
acid unites with ammonia, the atom of water which the 
acid contains gives to the salt the constitution 

NH^, O + 1SO3, or NH^ + SO^, or Am + SO^, 

the latter formula being analogous to Am + CI, the chlo- 
ride of ammonium or sal ammoniac. This view of the na- 
ture of the ammonia compounds is known under the name 
of the ammonium theory of Berzelius. 

Of the compounds of ammonium with other bodies, the 
protosulphuret, NH^^ S^ may be mentioned under the 
name of hydrosulphuret of ammonia. It is much used as 
a test. There are 'also other sulphurets. 

How can it be shown that it is the base of the ammonia salts ? What 
is meant by tiie ammoniam theoiy of Berzelius f 



THE METALS 



LECTURE LVI. 



Gekeral Properties of the Metals. — Defimtiam of a 
Metal, — Color ^ Specific Gravity ^ Hardness^ Temacity^ 
and other Properties. — Rdations to JEEeaL — Compomnii 
with other Bodies, — Division into Gromps^ — The Chides 
and their Reduction. — The Sulphurets and their Rednc' 
tion. 

Op the elementary bodiesi by far the larger portion are 
metallic. By a metal we mean a body which possesses 
that peculiar manner of reflecting light which is known 
under the designation of metallic lustre. It is also a good 
conductor of electricity and beat Of these there are at 
least forty-two, and probably forty-five, three having been 
recently discovered. 

Most of the metals are of a white color, but they differ 
from each other by slight shades, some having a faint blae 
and others a pinkisli tint There are three which are strik* 
ingly colored : gold, which is yellow, and copper and ti- 
tanium, which are red. In specific gravity they differ ex- 
ceedingly ; potassium is so light as to float upon water, 
and iridium is twenty-six times as heavy as that liquid. 

Many of the metals are malleable, that is, can be ex- 
tended into thin sheets under the blows of a hammer; 
others are so brittle that they may be reduced to powder 
in a mortar ; somo of them are ductile, and may be 
drawn into fine wires, the order for malleability not being 
the same as that for ductility. Thus, iron may be- drawn 
into fine wire, but can not be beaten out into such thin 
sheets as many other metals. Of all metals gold is the 
most malleable, and platina has been drawn into the finest 
wires. 



What is the definition of a metal? How many metals are there? 
What is their color commonly? Which three are the colored metals T 
Of the metals, which is the lightest, the heaviest, the most malleable, the 
softest, the hardest, the most fusible, and the most volatile t 
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In hardness the metals differ much. Potassium is so 
8<^ that it may be moi:Jded by the fingers, but iridium is 
among the hardest bodies known. In tenacity or strength 
the same differences are seen : of all metals iron is the 
most tenacious. The same metal differs very much in 
this respect at different temperatures. 

In their relations to heat, well-marked distinctions also 
may be traced. Mercury at all ordinary temperatures is 
in a melted condition ; but platina can only be fused be« 
fore the oxyhydrogen blow-pipe. As respects volatility, 
mercuiy, cadmium, potassium, sodium, zinc, arsenic, and 
tellurium, may be distilled or sublimed at a red heat. 

The metals unite with electro-negative bodies, and with 
each other. In decomposition by the Voltaic battery, they 
pass to the negative pole, and are, therefore, described as 
electro-positive bodies. Their compounds with oxygen, 
chlorine, &a, pass under the names of oxides, chlorides, 
&C.;- -their compounds with each other under the name of 
alloys, or, if mercury be present, of amalgams. They also 
unite with sulphur, phosphorus, and carbon. 

Chemical writers usually divide the metals into groups 
founded upon their relations with oxygen gas. The fol- 
lowing simple division is the one I adopt : 1st. Metals 
which decompose water at common temperatures ; 2d. 
Metals which can not decompose water at common tem- 
peratures, but do it at a red heat ; 3d. Metals which can- 
not decompose water at all. 



lat Oroap. 


Cerium. 


Titanium. 


Fotassinm. 


Jdanganese. 


Arsenic. 


tSodinm. 


Iron. 


Antimony. 


Lithium. 


Nickel 


Tellurium. 


Barium. 


Cobalt. 


Uranium. 


Btrootium: 


Zinc. 


Copper. 


Calciam. 


Cadmium. 


Lead. 


Magnesium. 


Tin. 


Bismuth. 
Silver. 


Sd Oronp. 


3d Groop. 


Mercury. 


Aluminum. 


Chromium. 


Gold. 


Glacinum. 


Vanadium. 


Palladium. 


Thorium. 


Tumrsten. 


Platinum. 


Yttrium. 


Molybdeuum. 


BJiodium. 


Zirconium. 


Osmium. 


Lidium. 


Lanthanum. 


Columbiiim. 





The older chemists divided the metals into four class- 
es : 1st. Alkaline, such as potassium. 2d. Earthy, such 

With what otiier substances do they unite ? Into what groups may 
they be divided 1 What is tiie division formerly in use ? 

Y 
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w magnesium. 3d. Imperfect, as zinc 4th. Noble, ai |^ 
gold. 

THE METALLIC OXIDEa 

Metallic substances unite with oxygen with different de- 
grees of intensity, and in very different proportions, many 
of them giving rise to a complete series of oxides, and 
producing, 1st. Basic oxides. 2d. Neutral or indifferent 
oxides. 3d. Metallic acids. 

1st. The basic oxides are conunonly protoxides or 8ea< 
quioxides, which form neutral salts wim hydrogen acids, 
with the production of water. To form such salts, i^ 
every atom of oxygen in the base there is required one 
atom of acid. A basic protoxide, therefore, requires one 
atom of acid, a sesquioxide three, and a deutoxide two, 
to form a neutral salt. 

2d. The neutral, or indifferent, oxides contain more 
oxygen than the base, and, when heated with acids, give 
off that oxygen, a basic oxide resulting. 

3d. The metallic acids always contain more oxygen; 
they may be sesquioxides, deutoxides, teroxides, or quadr- 
oxides, and are commonly formed by deflagrating the 
metal with nitrate of potash. 

REDUCTION OF THE METALLIC OXIDBS. 

Some of the oxides, such as those of mercury, silver, 
and gold, may be reduced by heat alone ; but the great- 
er number require the conjoint action of carbon, which, 
at a high temperature, decomposes them with evolution of 
carbonic oxide. Among powerful reducing agents may 
be mentioned the formiates and the cyanide of potassium, 
the former acting through the aflBnity of carbonic oxide 
for oxygen, and the latter through the affinity of carbon 
and potassium conjointly. The deoxydation of metals may 
also be accomplished by reducing agents, such as phos- 
phorous and sulphurous acids, or by the action of other 
metals ; iron, for instance, will precipitate metallic copper 
from its solutions. 

The Voltaic current affords a powerful means of ef- 
fecting the reduction of metals in philosophical investiga- 
tions ; by its aid the alkaline metals were originally ob- 
tained. The electrotype, already described, is an exam- 

What substances do metals yield with oxygen ? How are metallic acidg 
cciuLiouIy inado ? liy whet rroccssos mny^nietallic cxidcs be reduced ? 
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pla of its action ; even solutioDB of metallic salts are 
readily decompoeed by it. Thiib, if a - — 

glass jar, T, Fig. 361, be divided into 
halves, and a paper diaphragm be in- 
troducedbetween them, ilie halves being' j,J 
tightly pressed together by tbe ring B B, 
if the jar be filled with any metallic so- 
ladon, such as tbe sulphate of soda, and { 

the positive and negative wires of the 

battery dipped in tbe opposite compartments, atler a time 
the metallic oxide will bo found in one of diem and the 
acid in the other, a total decomposition having taken place. 

THE METALLIC SULPHOItETS. 

Many of these, such as the sulphurets of iron, lead, and 
copper, are found abundantly in nature ; or they may be 
made artificially by heating die metal with sulphur, or by 
deoxydizing metallic sulphates by charcoal or hydrogen 
gas, which converts them into sulphurets ; or by the ac- 
tion of snlphureted hydrogen on their oxides, which yields 
a metallic suiphuret and water. From their solutions 
under these circumstances, iron, manganese, zinc, cobalt, 
and nickel can not be precipitated, though they may by 
hydroBulphuret of ammonia. 

The sulphurets of a metal are usually equal in nuiU' 
ber, and similar in constitu^on to its oxides ; and as ox- 
ygen compounds unite with each other to produce oxygen 
salts, the sulphurets, in like manner, also unite with each 
other to produce sulphur salts. 

REDUCTION OP THE SULPnURETS. 

The metallic sulphurets may oflen be reduced by melt- 
ing tbem with another metal having a more powerful af- 
finity for sulphur ; thus, iron filinga will decompose sui- 
phuret of antimony, suiphuret of iron forming, and anti- 
mony being set free. On the large scale, however, a 
difierent process is resorted to ; the suiphuret, by roast- 
ing, is convened into a sulphate, much of the sulphur 
being expelled during the process as sulphurous or sul- 
phuric acid. The resulting sulphate is then acted upon 

BywhatpiDceiiei may metsllic Balpharela beobtBinedl Wbat metals 
can Dot be pracdpitatsd hy autphoretcd bydro^n? What rcLadon exiate 
betvetm the nlphureti and coidea ! How ere lliB lolphoreta redaeed I 
What u the proceiH on the luge scale ! 
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by lime and carbon at a high temperature ; the lime de* 
compooes the sulphate/ setnng firee the metallic oxide, 
which is at once reduced by the carbon, the sulphate of 
lime turning simultaneously into the sulphuret of calci* 
am, which floats on the surface of the metal as a slag. 

The metals also unite with chlorine, iodine, bromiiie, 
carbon, phosphorus, &c^ and some with hydrogen and 
nitrogen. These compounds will be described in their 
proper places. 



LECTURE LVIL 

PoTASsroif. — Discovery of, and Properties, — Relations to 
Oxygen and Water, — Its Oxides. — Caustic Potash. — 
Tests for Potash, — Haloid Compounds <^ Potassium^^ 
Salts of the Protoxide, the Carbonate, Nitrate, Chlorate, 
Sfc. 

POTASSIUM. K = 2915, 

Potassium was first obtained by Sir H. Davy, who de- 
composed its hydrated oxide (potash) by a Voltaic cur- 
rent. From the positive pole oxygen gas escaped in bub- 
bles, and metallic potassium in globules appeared at the 
negative. 

It was subsequently discovered that the same sub- 
stance could be decomposed by iron, and also by carbon 
at a high temperature ; and the latter of these substances 
is now exclusively resorted to for the preparation of po- 
tassium. The carbonate of potash is ignited with char- 
coal in an iron bottle, and the potassium received into a 
vessel containing naphtha. The productiveness of the op- 
eration is greatly interfered with by the circumstance 
that the carbonic oxide which is evolved, as it cools be- 
low a red heat, unites with much of the potassium, pro- 
<lycin^ a gray substance, which chokes the tubes and 
diminishes the yield of the metal. 

Potassium is a bluish white metal, which, at 32^ F., is 
brittle, melts at 150O F., and boils at a red heat, yielding 
a gi-een vapor. Its specific gravity is -865 ; it is, there- 

From what was potassiam first obtained? Wliat process is now in 
nse for its preparation ? What ciruuinstanoe inteiferes with the pro(luc« 
livctwaa oftluB proceaa ? Wlmt are the properdea oS poX.vA^xnci'l 
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fbre, mach lighter than water, on the surface of which it 
floats. At 70° F. it may be moulded by the fingers, be- 
ine soft and pasty. 

It possesses an intense affinity for oxygen, Ftg.Wi. 
and hence requires to be preserved in bot- 
tles containing naphtha. A piece of it thrown 
upon water takes fire, and bums with a beau- 
tiful pink flame. In the air it speedily tar- 
nishes, and, even when brought in contact 
with ice, it decomposes it with the evolution of flame. In 
these cases the combustion arises from the hydrogen unit- 
ing with the oxygen of the air and reproducing water ; 
the potassium simultaneously burns. 

POTASSIUM AND OXYGEN. 
There are two oxides of potassium, a protoxide and a 
peroxide, 

KO...KOs. 

The affinity of potassium for oxygen is so great that it takes 
that substance from almost all other bodies, and hence is 
used as a powerful deoxydizing agent. 

Protoxide of Potassium, KO = 474G3. 

This substance can only be formed by the action of po- 
tassium on dry air or oxygen. It possesses a great affin- 
i^ for water, and is converted by it into the hydrated ox- 
ide of potassium, commonly called caustic potash. 

Hydrated Oxide of Potassium. KO, HO = 56*176. 

This substance is best procured by boiling two parts of 
pure carbonate of potash with twenty of water, and hav- 
mg previously slacked one part of quicklime with hot wa- 
ter, the cream which it forms is to be added by degrees, 
and the whole boiled. The process should be conducted 
in an iron vessel to which a lid can be adapted, so as to 
exclude the air during cooling ; the resulting carbonate 
of lime settles perfectly, and the hydrate may be obtained 
by evaporating the solution rapidly in a silver vessel, pour- 
ing out the melted residue on a silver plate, or casting it 
into the form of small cylinders. 

The decomposition which takes place in the foregoing 
process is simple. 

How many oxides does it form 7 How is the hydrated oxide, or caustic 
potasl^ obtained f What is the natare of the deoompoeiviioul 

¥2 
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KO, CO^ + CaO,IlO...=^...CaC, CO^ + KO,EL 

that is, the lime takes carbonic acid from the carbonate 
potash, and the oxide of potassium unites with water. Tl 
solution may be known to be free from carbonic add b 
not effervescing when mixed with stronger acids. 

The hydrate of potash is a white solid, having a power 
ful affinity for water, and abstracting it rapidly from tk 
air. Taken between the fingers, it communicates to the 
skin a soft feel, and, If a concentrated solution be used, 
soon effects a disorganization ; hence it is used by sur- 
geons in the form of small sticks as an escharotic. It 
possesses pre-eminently the alkaline qualities, and, indeed, 
may be taken as the type of that class of bodies, neutral- 
izes the most powerful acids perfectly, and communicates 
to turmeric paper, or turmeric solution, a brown tint It 
turns the infusion of red cabbage green, and, possessing 
an intense affinity for carbonic acid, is used m organic 
analysis to absorb that gas. 

Potash in combination occurs in all fertile soils, and is 
essential to the growth of land plants, from the ashes of 
which its carbonate is abundantly procured. This may be 
shown by filtering water through die ashes of wood, when 
the clear liquid will be found to answer to all the tests in- 
dicating the presence of potash. It occurs also abundant- 
ly in feldspar, and hence is found in clays. The want of 
fertility in soils appears occasionally to be due to the ab- 
sence of this body. 

The bichloride of platinum gives, with a solution of 
potash, a yellow precipitate of the chloride of platinum 
and potassium. When the amount of potash is small, it 
is well to add alcohol at first, in which the double chlo- 
ride is insoluble. Ammonia yields a similar precipitate ; 
but this may be avoided by exposing the substance, in the 
first instance, to a red heat before testing. Perchloric acid, 
with alcohol, yields a white precipitate. Tartaric acid, 
if added in excess, and the mixture stirred with a glass 
rod, bearing gently on the sides of the vessel, gives white 
streaks of the bitartrate of potash wherever the rod has 
passed over the glass. 

Of what propertiei is the hydrate of potash posieiied, and what are iti 
lues ? How may the existence of potash in the ashes of plante be prared f 
What are the tests fur the presence of this substance 7 
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Of Other compounds of potassium, the following may be 
mentioned : 



Peroxide of potasshixn, KO3. 
Cndoride oi potaMiaxn, KCl. 
Iodide of potauiaxD, KI. 



Bromide of potossiTim, KBr. 
Protoiolpharec of potassium, KS. 
Pcntasolphuret of potassium, KS^, 



It also combines with hydrogen in two proportions, pro- 
ducing a solid and a gas, the latter of which takes fire 
■pontaneously in the air. 

Of these compounds, the most important are the per- 
oxide of potassium, which is formed by passing oxygen 
over red-hot potash ; it is decomposed by water, evolving 
oxygen and producing potash ; the chloride of potassium, 
which is analogous to common salt ; the iodide, much of 
which is consumed in medicine, under the name of hy- 
driodate of potash. It may be prepared by dissolving 
iodine in a solution of potash, till the liquid begins to ap- 
pear brown, then evaporating to dryness, and igniting the 
residue : oxygen is evolved, and iodide of potassium re- 
mains ; it may be then dissolved in water, and crystal- 
lized. It is white, crystallizes in cubes, and is very sol- 
uble in water and hot alcohol. Its solution will dissolve 
large quantities of iodine. The pentasulphuret is the chief 
ingredient of liver of sulphur, which is formed by fusing 
sulphur with carbonate of potash at a low temperature. 

SALTS OF THE PROTOXIDE OY POTASSIUM. 

Carbonate of Potash is obtained by lixiviating the ashes 
of plants. In an impure state it forms the potashes and 
pearlashes of commerce. It may be obtained pure by ig- 
niting the bitartrate with half its weight of the nitrate of 
potash. It has an alkaline taste, its solution feels greasy 
to the fingers, it is very soluble in water, and deliquescent. 

Bicarbonate of Potash, formed by transmitting a stream 
of carbonic acid through a solution of the former salt. It 
crystallizes in eight-sided prisms with dihedral summits. 

Sulphate of Potash, formed by neutralizing the follow- 
ing salt. Crystallizes in anhydrous, oblique, four-sided 
pnsms, soluble in about ten times its weight of water. 

Sulphate of Potash and Water, sometimes designated 
as the bisulphate of potash ; it is the residue of the produc- 
tion of nitnc acid. It is soluble in water, and has an acid 
reaction. It crystallizes in rhombohedrons. 

Name Bome of its other compoands. What are the properties of the 
iodide ? From what is the carbonate obtained ? 



260 BALT8 OF POTABH. 

Nitrate of Potash is extracted on the large scale from 
certain soils in wliich organic matter is decaying in con- 
tact with potash. It crystallizes in six-sided prisms, fuses 
at a heat oeneath redness, with evolution of oxygen gaa. 
It is soluble in about three times its weight of water, at 
common temperatures. This salt enters as an essential 
ingredient in gunpowder, which is composed of about one 
atom of nitrate of potash, one of sulphur, and three of 
carbon. The sulphur of this mixture ac ^elerates the com- 
bustion, while the oxygen of the nitre forms carbonic acid 
with the charcoal. The products, therefore, of the per- 
fect combustion of gunpowder are carbonic acid, nitrogen, 
and the sulphuret of potassium. It commonly happens, 
however, that sulphate of potash is formed. The pro- 
portions of the ingredients of gunpowder are varied for 
different uses. The powder used for mining, for exam- 
ple, contains more sulphur than that used for firearms. 

Chlorate of Potash, — When a stream of chlorine is 
passed into a solution of potash, the chloride of potassium 
and the chlorate of potassa result ; the latter is deposited 
in flat, scaly crystals. 

The chlorate of potash contains no water ; it dissolves 
in about fifteen times its weight of that fluid ; melts at a 
red heat, with evolution of pure oxygen ; deflagrates with 
combustible bodies, sometimes with much violence. 



LECTURE LVIII. 

Sodium. — Preparation of. — Relation to Oxygen and Wa^ 
ter. — Color communicated to Flame. — Its Oxides. — The 
Hydrated Oxide. — Tests for Sodium. — Haloid Com- 
pounds. — Common Salt, — Salts of the Protoxides, Car- 
bonates, Sulphates, Nitrates, ifc. Lithium. — Barium. 
— Its Oxides. — Haloid Compounds. — Salts of the Pro- 
toxide. 

SODIUM. Na = 23-3. 

Sodium may be obtained by the same process as potas- 
sium,, but is best procured by igniting the calcined acetate 
of soda with powdered charcoal in an iron bottle ; and, as 

What is the origin and use of the nitrate ? How is the chlorate made f 
How is sodium obtained, and what are its uses 7 
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le sodium does not act upon carbonic oxide, the opera- 
on is much more productive than in the case of the oth- 
r metal. Like potassium, it is to be kept in bottles un- 
er the surface of naphtha. 

. In color, sodium resembles silver ; its specific gravity is 
••9348 ; it therefore floats upon water. It melts at 194^ 
r,. and is more volatile than potassium. Thruwn upon 
vater, it decomposes it with a hissing sound, and with the 
ivolution of hydrogen, but no flame appeal's. If, howev- 
jr, the water is hot, then a beautiful yellow flame, char- 
icteristic of sodium and its compounds, is the result. 

SODIUM AND OXYGEN. 

"With oxygen sodium forms three compounds : the sub- 
oxidoy protoxide, and peroxide. 

Protoxide of Sodium. NaO = 31-313. 

This, like the corresponding potassium compound, is 
produced by oxydizing sodium in dry air. It is a white 
poivder, which attracts moisture from the air and foi*ms the 
faydrated oxide of sodium, commonly called caustic soda. 

Hydrated Oxide of Sodium^ NaO -\- HO = 40-323, 

or caustic soda, may be made by the same process as that 
given for caustic potash, by using carbonate of soda, and, 
i¥hen the resulting carbonate of lime has settled, evapo- 
rating the liquid. The best proportions are one part of 
quicklime to five of carbonate of soda in crystals. 

Caustic soda resembles caustic potash in most of its 
properties. It is deliquescent, has a strong affinity for 
carbonic acid, and acts upon animal tissues as an escha- 
rotic. Its salts are generally more soluble than the pot- 
ash salts, and on this are founded the methods recom- 
mended for distinguishing the latter compounds from it. 
Moreover, the soda compounds communicate to the flame 
of alcohol, or to the blow-pipe flame, a yellow color : the 
same tint which is characteristically seen when sodium 
is placed in hot water. 

Chloride of Sodium, NaCl = 58'77. 

The chloride of sodium, common salt, is obtained abund- 
antly .from the waters of the sea, to which it gives their 

What are its properties compared with potassiam ? What componnda 
with oxy^n does it give 7 How is caustic soda obtained? What are iti 
propeitiea andiuefl ? What color do the lodiiun comiKHinds give to flame 7 
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salinity. It is also found as rock salt, deposited exten- 
sively in certain geological formations. 

Common salt is the general type of that extensive daw 
of compounds which have derived the name of salt hodies 
from it. It crystallizes in cuhes, and, when in man, is 
often perfectly transparent, and permits the passage of 
heat of every temperature through it freely. It melts into 
a liquid at a red heat, crystallizes in cubes, and is not 
more soluble in hot than cold water. It is extensively 
used in the preparation of hydrochloric acid and chlo- 
rine ; immense quantities, also, are annually consumed in 
the preparation of carbonate of soda, which is made by 
first acting on the common salt with oil of vitriol, so as to 
turn it into sulphate of soda, and igniting this with cha^ 
coal and carbonate of lime : an impure carbonate of soda 
is the result, known under the name of black ash, or Bri^ 
ish barilla. Common salt is extensively used for the 
curing of meat. It is also an essential article of food, 
being decomposed in the animal system, and furnishing 
hydrochloric acid to the gastric juice and soda to the bSe. 

The compounds of sodium with bromine, iodine, sul- 
phur, &c., are. not of interest. 

SALTS OF THE PROTOXIDE OF SODIUM. 
Carbonate of Soda is sometimes obtained by lixiviating 
the ashes of sea-weeds. Lai'ge quantities are also pro- 
cured from the decomposition of sulphate of soda by saw- 
dust and lime at a high temperature, the carbonaceous 
matter decomposing the sulphuric acid and generatmg 
carbonic acid, which unites with the soda, while the libe^ 
ated sulphur is partly dissipated and partly unites with 
the calcium. From the resulting mass carbonate of soda 
is obtained by lixiviation. The crystals, as found in com- 
merce, contain generally ten atoms of water ; there are 
two other varieties, the one containing eight atoms, and 
the other one atom of water. Large quantities of the 
carbonate of soda are also sold in an uncrystallized state, 
under the name of salts of soda. The figure of the crys- 
tals of this salt is a rhombic octahedron. They effloresce 
on exposure to the air. They are soluble in five times 

What is the constitation of common salt ? From what soarces is it de- 
rived? What are its properties? How is barilla obtained from it? 
Wliy is it essential as an article of food ? From what scarce is the ca^ 
boaate ofsoda obtained ? Describe tbe pTo\»«TaAivcni ot \ttKna ^^i^ vq^e^^gh^ 
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their weight of cold and in less than their own weight of 
boiling water. 

Bicarbonate of Soda, or the double carbonate of soda 
and water, is formed by transmitting a stream of carbonic 
acid through a solution of the carbonate, and is in the 
form of a white powder. It is less soluble in water than 
the i^rmer. There is a sesquicarbonate, which passes in 
commerce under the name of trona. 

Sulphate of Soda is the Glauber's salt of the shops ; oc- 
curs as a natural product, and also as the result of the 
preparation of hydrochloric acid. It is in prismatic crys- 
tals of a bitter taste, efflorescing in the air, and becoming 
anhydrous. Water dissolves more than half its weight 
of this salt at 91^° F., but above that degree it is less sol- 
uble. When a solution of three parts of this salt in two 
parts of water is corked up in a flask while boiling, it may 
be cooled without crystalhzation taking place ; but if the 
cork is withdrawn, crystallization commences at once, or 
if it does not, tl^ introduction of any solid matter produ- 
ces it, and the temperature of the solution at once rises. 

Nitrate of Soda is found abundantly in different parts 
of America in the soil ; it crystallizes in rhomboids, dis- 
solves in twice its weight of cold water, and, from its del- 
iquescence, can not be used in the manufacture of gun- 
powder. 

JPhasphate of Soda (tribasic) is formed by neutralizing 
phosphoric acid with carbonate of soda ; two of the hy- 
drogen atoms are replaced ; it crystallizes in oblique 
rhombic prisms, dissolves in three times its weight of cold 
water, is of an alkaline taste, and gives a lemon-yellow 
precipitate with nitrate of silver. By the addition of soda 
to it a subphosphate is formed, in which all three of the 
hydrogen atoms of the acid are replaced ; but by the ad- 
dition of phosphoric acid to the ordinary phosphate, till it 
ceases to give any precipitate with chloride of barium, the 
biphosphate of soda results, a salt very soluble in water. 
Its crystals are rhombic prisms. In it only one of the hy- 
drogen atoms is replaced. 

Microcosmic Salt, or the phosphate of soda, ammonia, 

Wbat is the commercial name of the sulphate 7 "Wliat peculiarity is 
tibere in the crystsdlization of its solution ? Why can not toe nitrate ha 
used for gunpowder? What is the difference hetweeu the phosphate^ 
die pympikMiphate, and the metaphosphate of soda ? 

s 
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and water, is made by dissolving seven parts of pbospbate 
of soda in two parts of water, and adding one part of sal am- 
moniac. At a low heat it parts with its water of crystal- 
lization, and the temperature rising, it loses its ammonia 
and saline water, becoming monobasic phosphate of soda. 
It is much used in blow-pipe experiments. 

pyrophosphate of Soda (bibasic) is procured by heating 
the phosphate. It gives a white precipitate with nitrate 
of silver. 

Mctaphosphate of Soda (monobasic) is formed byhea^ 
ing microcosmic salt to redness. It is soluble in water, 
melts at a red heat, and gives, with dilute solutions of the 
earthy and metallic salts, viscid precipitates. 

Biborate of Soda, the borax of the shops. It is import- 
ed in a crude state from the East Indies, and manufac- 
tured from the natural boracic acid of Italy by the addi- 
tion of carbonate of soda. It crystallizes in octahedrons, 
or in oblique prisms, the former containing five, the latter 
ten atoms of water, all of which is lost by exposure to a 
red heat, the salt then fusing into a glass. It is of great 
use in blow-pipe experiments. 

LITHIUM. L = 6-42. 

This rare metal occurs in certain minerals, such as 
spodumene, lepidolite, &c. It is a white metal, commu- 
nicating to flame a red color. It yields a protoxide the 
carbonate of which is of sparing solubility in water ; thus 
forming the link of connection between the potash and 
soda carbonates, which are very soluble, and the carbon- 
ates of the alkaline earths, as baryta and strontia, which 
are insoluble. 

This brings us to the metals of the alkaline earths, which 
form a division of our first group ; the first of these is 

BARIUM. J5o = 68-7. 

The existence of barium was first proved by Davy, who 
isolated it by electrifying mercury in contact with tie hy- 
drate of baryta, an amalgam formed, from which the mer- 
cury was subsequently distilled, leaving the barium as a 
metal of a gray color like cast iron, heavier than sulphuric 
acid, in which it sinks, obtaining oxygen rapidly fi^om the 

What is microcosmic salt ? From what Boarce is borax derived, and 
what are its uses ? In what minerals does lithium occur? What is tiw 
rnlation of its carbonate to those of the preceding and subaeqiient metali f 
How was barium first obtained t 
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ir, and flaying rise to the production of the protoxide of 
leriiiin, baryta. 

"Protoxide of Barium^ BaO = 76'713, 

nay be obtained by igniting the nitrate of baryta, the de- 
Bomposition being 

BaO, NOs ... = ... BaO + NO^ + O; 

diat is, one atom of nitrate of barytas yields one of pro- 
toxide of barium, and one of nitrous acid and one of oxy- 
gen gas are expelled. 

. This protoxide is a white colored body, possessing a 
ibong aBSbiity for water, with which it exhibits the phe- 
nomenon of slacking, as is the case to a less extent with 
lime* beat being evolved. It has an acrid taste, is soluble 
in water, and absorbs carbonic acid from the air. Its 
Specific gravity is about 4*000. Its soluble salts are pois- 
onous. 

Hydrate of Baryta, BaO, HO = 85-726, 

is formed by slacking the protoxide, and is a white pow- 
der, very soluble in hot, but less so in cold water, yield- 
ing, therefore, crystals when a hot solution cools : these 
contain nine atoms of water of crystallization. The cold 
solution is used as a test for carbonic and sulphuric acids, 
with which it forms insoluble white precipitates. 
- This solution is most easily obtained by calcining the 
native sulphate with pulverized charcoal, which converts 
it into the sulphuret of barium. To a boiling solution of 
dus body oxide of copper is added till the liquid ceases to 
blacken a solution of acetate of lead. On being filtered, 
tiie solution of hydrate of barytes is obtained. 

Peroxide of Barium, BaO^ = 84'7, 

is made by igniting chlorate of potash with barytes, or by 
passing oxygen over barytes in a red-hot tube.. It is used 
in^ the preparation of peroxide of hydrogen. 

Of the other compounds of barium, the chloride is much 
used as a test for sulphuric acid ; it may be made by de- 
composing ^carbonate of baryta by hydrochloric acid. The 
Bulpnuret of barium is made by igniting the sulphate of 

' What is the proceM for obtaining the protoxide, and also ita hydrate? 
Whtt add! M a BOlation of baryta used to detect 1 How i» the peroxide 
laadeT Wha( ia iti use? For what purpose ia the chloride of hanuxn 
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baryta, heavy spar, with charcoal, which deoxydizes bodi 
the sulphuric acid and the baryta. It dissolves in hot wa- 
ter, and from this solution a solution of caustic baryta 
may be obtained by boiling with the oxides of lead or 
copper, and separating the sulphurets of those metals by 
filtration. By acting upon it with hydrochloric or nitric 
acid, the chloride or nitrate of baryta may be prepared. 

SALTS OF PROTOXIDE OF BABJUM. 

Carbonate of Baryta is found native, as the mineral 
Witherit€t and may be prepared by precipitating a solu- 
ble salt of baryta with an alkaline carbonate. It is solu- 
ble in 4300 times it^ weight of cold water, and 2300 of 
boiling water. 

Sulphate of Baryta^ found native abundantly as %eawi 
ipary and from it most of the compounds of barium are 

frepared. It is called heavy spar, its density being 4*47. 
t crystallizes generally in tabular plates, and is wholly 
insoluble in water. i 
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Strontium. — Uses in Pyrotechny,-^Salts of Protoxide.-^ 
Calcium. — Protoxide of — Sources in Nature. — l\Hi 
for, — Haloid Compounds, Chloride, Fluoride, Sulphur- 
ets, ^. — Salts of the Protoxide, Carbonate, Sulphate, 
Phosphate, Chloride, — Magnesium. — Protoxide. — SaUi 
of Protoxide, Carbonate, Sulphate, Double Phosphate, 
— ^Aluminum. — Sesguioxide, — Uses in the Arts, — TetAL 
— Salts of the Sesquioxide, Double Sulphate, Alum.-^ 
Manufacture of Porcelain and Glass. — Other Metals, 

STRONTIUM. 8r =zA3'B, 

This metal may be obtained by the same processes 
which have been used for obtaining barium, with which 
it has a considerable analogy. Its natural compounds are 
the sulphate and carbonate, from which its other prepara- 
tions may be obtained. 

Strontium yields a protoxide, which is the basis of a 
series of salts, differing from baryta salts in not being 

How may the Bulphate of baiytes be conyerted into the sulpfanrel of 
bariom ? what are the properties of the carbonate and sulphate of bs* 
ryta? In what respect does strontimn differ from bariom? 
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poisonous. Tbe chloride and nitrate are used in pyro- 
techny for the purpose of communicating to flame a orill- 
iant crimson color. The red flre of theatres contains the 
latter salt, and the former, if dissolved in alcohol, com- 
municates ^o its flame the characteristic test of the stron- 
tium compounds. 

SALTS OF THE PROTOXIDE OP STRONTIUM. 

Carbonate ofStrontia is the strontianite of mineralogists. 

Sulphate rf Strontia is the celestine of mineralogists. 
It is not so heavy as sulphate of baryta, and is said to be 
soluble in about 4000 times its weight of boiling water. 

Nitrate of Strontia forms an ingredient of the red fire 
used in theatres; it crystallizes in octahedrons, and is 
jK>luble in five times its weight of cold water and half its 
"weight of boiling water. 

CAX CIUM. Ca = 20-5. 

Calcium has nevei'been obtained in quantities suflicient 
to permit a full examination of its properties. It oxydi- 
zes with rapidity, yielding a protoxide, known also as 
quicklime or lime. 

Lime occurs as a carbonate in the various limestones, 
marbles, chalks, &c., which form in many countries ex- 
tensive mountain ranges. Its other salts are very abund- 
ant. 

From the carbonate, pure or quicklime may be ob- 
tained by exposure to a bright red heat. If the limestone 
contains silica, it may, however, be overhumt, a silicate 
of lime forming, which prevents the product from slacking. 
It possesses a strong affinity for water, and unites there- 
mrith with a great elevation of temperature, as exhibited 
in the process of slacking. Exposed to a high tempera- 
ture, it phosphoresces splendidly. The hydrate which 
forms when lime is slacked is white ; it is soluble to a small 
extent in water; and it is remarkable that cold water 
dissolves much more than hot. Lime-water is colorless, 
of a partially caustic taste, neutralizes acids perfectly, re- 
storing to reddened litmus its blue color. It is used as a 
test for carbonic acid, vrith which it gives the white car- 

Wbat is the color it conunnnicates to flame ? What are the mineralog- 
Ical names of tiie carbonate and sulphate of strontia 7 What is lime T 
Under what forms does it occur in nature ? From the carbonate, how may 
Hme be produced? What is the action of water on it? What are the 
properties of Ihne-water? 
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bonate of lime. Cream of lime is nothing but lime-water 
in which hydrate of lime is mechanically suspended. The 
hardening of lime mortars depends chiefly on the absorp- 
tion of carbonic acid. Hydraulic lime possesses the quu- 
ity of setting under water. It contains oxide of mm, 
alumina, and silica. 

Lime is best detected by oxalate of ammonia, with 
which it gives a white precipitate of oxalate of lime, pro- 
vided the solution be not acid. 

Among other compounds of calcium may be mendoned 

Chloride of CaJ^dum, CaCl=55'97f 

formed by dissolving carbonate of lime in hydrochloric 
acid, evaporating the solution to a sirup, and, on cooling, 
the chloride crystallizes. It is. exceedingly deliquescent 
Chloride of calcium, dried witm>ut crystiUlization, is used 
in organic analysis for collecting water, and, generaUy, in 
other chemical operations for drying gases. 

Fltwride of Calcium, CaF=: 39-24, 

called, also, fluor spar, and frequently found as a mineral 
associated with lead. Crystallizes in cubes, octahedrons, 
6cc., of various colors. It is found in fossil, and, to a 
smaller extent, in recent bones. It is used for various or- 
namental purposes, and is the source from which the com- 
pounds of fluorine are derived. 

Sttlphuret of Calcium, GaiS= 36*62. 

obtained by igniting the sulphate of lime with charcoal, 
and constitutes Canton's phosphorus, commonly made hy 
igniting oyster shells with sulphur ; possesses the curious 
quality of shining in the dark, afl:er a brief exposure to 
the sun or to the rays of an electric spark. 

SALTS OF THE PKOTOXIDE OF CALCIUM. 
Carbonate of "Lime is abundantly found in nature, form- 
ing whole ranges of mountains, the limestones, marbles, 
&c., of mineralogists. It occurs pure in the form of Ice- 
land spar, in rhomboidal crystals, possessed of double re- 
fraction. It is dimorphous, assuming the form of six-sid- 
ed prisms, as in the mineral called Arragonite. It is anr 

What is milk of lime 7 For what pnrposeB is the chloride of caldiiin 
used ? Under what forms does fluoride of calcium occur 7 "Wliat singn- 
lar quality does the sulphoret of cakiam possess 7 What are the dimor 
phoos forms of carhonato of lin^ 7 
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hydrous, insoluble in water, but in water charged with 
carbonic acid it is soluble, and is deposited from such a 
liquid on boiling, or by the diffusion of carbonic acid into 
the air. The carbonic acid is expelled from this salt by 
a red heat, and the action of the more powerful acids. 
Carbonate of lime may be obtained in union with water, 
by boiling hydrate of Hme with a solution of sugar. 

Sulphite of Lime — 6ryp*wm— occurs native, both in 
crystals, the primary form being a rhombic prism, and also 
in extensive crystalline masses. It contains two atoms of 
water ; there is a variety, however, passing under the name 
of anhydrite, which contains no water. On calcining the 
hydrous sulphate of lime at a low red heat, it becomes plas- 
ter of Paris, and has the property of setting into a hard 
mass when made into a paste with water. The sulphate 
of lime is soluble in 500 parts of boiling water, and often 
occurs in the water of springs, to which it communicates 
hardness. 

Phosphate of Lime — Bone-earth Phosphate — ^is one of 
the tribasic phosphates ; it is precipitated when earth of 
bones is dissolved in muriatic acid, and the solution neu- 
tralized by ammonia. 

Chloride of Lime — Bleaching Powder — is made by ex- 
posing hydrate of lime to chlorine. It is a white pow- 
der, exhaling a faint odor of chlorine, and is used exten- 
sively as a bleaching agent. 

MAGNESIUM. Mg = 127. 

Magnesium may be procured by igniting a mixture of 
chloride of magnesium and sodium in a porcelain cruci- 
ble ; the chloride of sodium forms, and magnesium is set 
free. The chloride may be dissolved by water. 

It is a white, malleable metal, which melts at a red 
heat, and, with excess of air, oxydizes, forming 

Protoxide of Magnesium. MgO=20'713, 

This substance, called, also, calcined magnesia, or sim- 
ply magnesia, may be made by heating the carbonate to 
low redness ; the carbonic acid is driven off, and the mag- 
nesia remains as a white powder, insoluble in water, but 

Under vrhtA circanutanceB is it soluble in water 7 Under what fonzui 
does sulphate of lime occur, and for what purposes is it used ? In what 
does the phosphate of lime occur T What is bleaching powder ? How is 
viagnefiamobtaiDed 7 What are the properties of it 7 Under what names 
does the motinide paiM 7 

Z2 
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neatralizing acids completely, and forming with them t 
complete series of salts. 

Magnesia occurs very abundantly in nature, often aaso* 
ciated as a carbonate with carbonate of lime, as in dob- 
mitic limestone. It also occurs in fertile soils, and is es- 
sential to the growth of certain plants. 

It is well distinguished from all the foregoing alkaline 
earths by the relation of its sulphate. The sulphates of - 
baryta, strontia, and lime form a series of salts, the solu- 
bility of which, in water, is constantly increasing; to 
these the corresponding magnesia salt may be add^ ; it 
is very soluble. 

Magnesia is precipitated from its sulphate by the caus- 
tic alkalies, and by the carbonates of potash and soda as 
a carbonate, but not by the carbonate of ammonia in the 
cold. It may be detected by adding carbonate of ammo- 
nia and phosphate of soda in succession, when the phos- 
phate of magnesia and ammonia is precipitated. Heated 
before the blow-pipe, after having been moistened with 
nitrate of cobalt, magnesia becomes of a pinkish color. 

SALTS OF THE PROTOXIDE OF MAGNESIUM. 

Carbonate of Magnesia is found native, and may be 
prepared by boiling the sulphate with an alkaline carbon- 
ate, diffusing the precipitate in water, and passing a 
stream of carbonic acid through it ; by spontaneous evap- 
oration the carbonate of magnesia is deposited in crystals. 
The carbonate of magnesia, the magnesia alba of the 
shops, is prepared by precipitating the sulphate of mag- 
nesia with the carbonate of potash ; it occurs in light 
white cubical cakes, or in powder, and is not a true car- 
bonate, for it does not contain a full equivalent of carbonic 
acid. It is said to be a compound of one atom of hydrate 
of magnesia with three atoms of hydrated carbonate of 
magnesia. It is very slightly soluble in water. 

Sulphate of Magnesia — Epsom Salts of commerce — ^is 
produced by the action of dilute sulphuric acid on magne- 
sian limestone. Its crystals are small four-sided prisms, 
soluble in an equal weight of cold and three fourths their 
weight of boiling water, the solution having a bitter taste. 
A low heat expels six out of the seven equivalents of the 
combined water. 

What is dobmitic limestone ? How may magnesia be detected t How 
is its carbonate prepared ? Of what is Epaom atdfc coaqjoaocLt 
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Phosphate of Magnesia and Ammonia, one of the van- 
ities of urinary calculus, may be formed artificially when 
I tribasic phosphate, a salt of ammonia, and a salt of mag- 
lesia are mixed together. 

Magnesium is the last of the alkaline earthy metals. Its 
iiBtoTy completes that of our first group of metallic bodies. 
Alt the head of the second group we find aluminum, the 
Srst of the earthy metals. 

ALUMINUM. ^Z=137. 

Obtained, by Wholer, by the action of sodium on the 
chloride of aluminum, being the same process as that 
given for the preceding metal. 

It is a gray powder, which melts beneath a red heat ; 
takes fire when heated in air, producing 

Sesquioxide of Aluminum. -4Zj03=51*539. 

This oxide, called, also, alumina and clay, occurs nat- 
urally under certain forms, which are highly prized, as the 
ruby and sapphire. In a more impure condition it yields 
the various common clays, which also contain silica or 
metallic oxides, or other extraneous bodies. 

Alumina may be prepared from the sulphate of alumina 
and potassa, common alum, by precipitating the sulphuric 
acid by chloride of barium. The sulphate of baryta goes 
down, and there is left in the solution chloride of po- 
tassium and chloride of aluminum. When the mass is 
dried, water is decomposed ; hydrochloric acid is then ex- 
pelled, and alumina, mixed with the chloride of potassium, 
remains behind ; the latter is to be dissolved away by wa- 
ter, leaving the alumina as a white substance, which, with 
water, forms a plastic mass, capable of being moulded, 
and retaining its shape when baked. After ignition, it 
adheres to the tongue, and during the act of drying it con- 
tracts considerably in volume, a property which formerly 
gave rise to the invention of Wedgewood's pyrometer. 

The presence of alumina gives to the clays those prop- 
erties which fit them for the purpose of the potter and 
brickmaker. Alumina is also used as a mordant to fix the 
colors of certain dyes upon cloth. 

Li what form is the phosphate of mae^esia and ammonia sometimes 
found ? How is alominam prepared ? What is the constitution of its ox- 
ide? Under what natural forms does it occur? How may alomin a be 
prepared? What principle is involved ia Wedge^roodTn igytometert 
WbatismeMnt by a mordant 1 
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SALTS OF THE PROTOXIDB OF MANGANESE. 

Protostdphate of Manganese^ formed by dissolving pro- 
toxide of manganese in sulphuric acid. The figure of its 
crystals depends on the temperature at which they were 
formed. They have a rose-colored tint. It is insolable 
in alcohol, very soluble in water, and is used by the dyen 
to produce a fine brown color. 

There is but one sulphuret of manganese. It is ob- 
tained as a hydrate when manganese is precipitated by 
hydrosulphuret of ammonia iy^MnS^HO). It is of a flesb- 
red color. 

IRON. jPc= 28-00. 

Iron sometimes occurs in a native state and as mete- 
oric iron, also as oxide, carbonate, sulphuret, &;c. It is 
one of the most abundant of the metals. Much of what 
is found in commerce is derived from clay iron-stone, 
which is an impure carbonate containing silica, alumina, 
magnesia, and other foreign substances. The native per- 
oxide of iron, red haematite ; the hydrated peroxide, 
brown haematite ; the black oxide, or magnetic iron ore, 
furnish some of the finer varieties of the metal. 

From clay iron-stone metallic iron is . procured by the 
action of carbonaceous matter and lime at a high temper- 
ature. The ore, having been roasted, is thrown into the 
furnace with coal and lime. If the iron is in the ojr^ as a 
silicate, the lime decomposes it at those high temperatures, 
forming a slag of silicate of lime, and the oxide of iron 
set fi:ee is instantly reduced by the carbonaceous matter; 
the metal sinking down, protected by the slag, is let off 
by opening a hole in the bottom of the fiimace. 

The substance thus produced is not pure iron ; it con- 
tains carbon and other impurities, and passes under the 
name of cast or pig iron. It is purified by melting and 
sudden cooling, which converts it into Jine metal ; this 
fine metal is then melted under exposure to air, which 
bums off the carbon as carbonic oxide, and the mass, 
from being perfectly fluid, becomes coherent. It is now 
subjected to violent mechanical action, such as hammer- 
ing or rolling ; this forces out or bums off the impurities, 

What is the formation and use of the protosalphatc of manganose ? 
What are the forms under which iron chiefly occurs 1 How is it obtain- 
ed from clay iron-stone ? What is oast iron? By what processes is it 
converted into wrought iron 1 
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iocreasefl its tenacity, and it becomes the wrought iron of 

commerce. 

Cast Iron melts readily at a bright red heat, and expands 
in solidifying . on this depends its valuable application for 
making castmgs. Kept under the surface of salt water for 
a length of time, cast iron becomes converted into a body 
somewhat like plumbago, due, probably, to the removal 
of the iron as a chloride ; the carbon which is left behind is 
sometimes observed, as it dries, to become hot : a phenom- 
enon to be accounted for by its porous state. These facts 
bive been frequently verified in the case of cannon which 
have lain for years at the bottom of the sea. There are 
two forms of cast iron, white and gi'ay ; the former con- 
tains about five per cent, of carbon, the latter three or four. 

JPure Iron may be obtained by decomposing precipitated 
peroxide of iron by hydrogen gas, and melting the result. 
The metal has a bluish color, is more ductile than mallea- 
ble, and is the most tenacious of all bodies. It becomes very 
soft at a red heat, and possesses the welding property ; on 
this depends the art of forging it. Its specific gravity is 
7*7. It is one of the few magnetic bodies, and, when soft, 
its magnetism is so transient that it may gain and lose that 
quality a thousand times in a minute. The melting point 
of iron is very high. In the mode of preparing it from 
cast iron it does not undergo the process of fusion, but its 
particles are simply welded together. The fibrous struc- 
ture which wrought iron possesses is the chief cause of its 
great tenacity ; a wire J^th of an inch in diameter will 
bear a weight of 60 pounds. 

Steel, which is a valuable preparation of iron, is made 
by placing alternate strata of iron bars and charcoal pow- 
der in a close box and keeping them red hot. The pro- 
cess is known by the name of cementation. The iron 
gains about 1*5 per cent, of carbon. Steel is much more 
nisible than iron, and becomes excessively hard and brit- 
tle by being brought to a red heat and then suddenly 
quenched in cold water. When allowed to cool slowly, it 
h quite soft, and various degrees of elasticity and hard- 
aess may be given to it by the process of tempering. 

By placing a piece of platina in nitric acid of a specific 

What are thejproperties of caat iron 7 What chansfes does it undergo 
Vider water 7 How maypure iron be obtained ? What are its proper* 
ties T What is ateel 7 How is it made, and what are its properties 7 

Aa 
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gravity of 1-34, and then bringing an iron wire in contact 
ivith it and withdrawing the platina, the iron assumes s 
passive or allotropic state. It now exhibits no tendency 
to- unite with oxygen, cannot precipitate copper firom its 
BolutionSy and simulates the properties of platina and gold. 




LECTURE LXI. 

Ibon. — Oxides of. — Three Oxides and Ferric Acid. — Tests 

for Iron. — Salts of the Protoxide and Peroxide. — 3^ 

Sulphur ets. — Nickel. — Its Redtictvonjrom the OxalaU. 

— Cobalt. — Smalt. — Zqffre. — Sympathetic JW.— 

Zinc. — Distillation of, — Salts of the Protoxide. 

laON AND OXYGEN. 
Iron bums with rapidity in oxygen gas, as may be 
Fig. 263. proved by igniting a piece of it in wire coiled 
into a spiral form in a jar of that gas {Fig. 263), 
when it will be found to take fire and bum beau- 
tifully. In atmospheric air, under favorable cir- 
cumstances, the combustibility of this metal may 
be proved. Thus, fine iron filings, sprinkled in 
the fiame of a spirit lamp, bum wiui scintilla- 
tions ; exposed to air and moisture, it slowly 
rusts. Iron yields four oxides : 

Protoxide .... FeO = 36*013. 
Black oxide • . . F«3 04 = 116052. 
Peroxide . . . . Fe^Oi=^ 80-039. 
Ferric add .... FeOt = 52-039. 

Protoxide of Iron. FeO=36-013. 

This oxide has not yet been insulated, but it exists, 
united with acids, in an extensive series of salts, from 
which it is thrown down as a hydrate by alkalies, and is 
then of a white color, which darkens as it passes into the 
state of peroxide. Ferrocyanide of potassium gives a 
white precipitate, and the ferridcyanide a deep blue. Hy- 
drosulphuret of ammonia gives a black sulphuret of iron. 
Sulphureted hydrogen and gallic acid give no precipitate. 

How may iron be rendered passive ? How may the rapid oxydatum of 
iron be illastrated? How many oxides does tlue metal yield 7 Whit 
are the remst^ons which Ae protoxide farm»Vve« w\iix te»\»^ 
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Block Oxide of Iran. FeiO^=:ll6'052. 

TloA oxide, known also as the magnet or loadstone, is 
£>aod as a mineral. It is a compound of the protoxide 
and peroxide. The scales of iron found in blacksmiths' 
hrges mainly consist of it. It may also be produced by 
decomposing the vapor of water by metallic iron in a red- 
hot tube. 

Peroxide of Iron, Fe^Os=S0'039^ 

18 found in nature as oligist iron, or as a hydrate. It may 
be produced artificially as a hydrate by precipitation from 
a solution of pei-sulphate of iron by a caustic or carbona- 
ted alkali, or in a pure state by igniting green vitriol; 
there is then left a red powder, known as rotige, used for 
polishing metals. This oxide is not magnetic ; it is the 
oasis of a series of salts which yield, with alkalies, a brown 
hydrated peroxide; with ferrocyanide of potassium, Prus- 
sian blue ; with sulphocyanide of potassium, a blood-red 
solution ; with tannm and gallic acid, a black. This last 
is of considerable interest, constituting the basis of ordi- 
nary ink. 

The presence of iron can always be determined by 
passing it into the condition of peroxide, and applying the 
loregomg tests. 

Ferric Add, FeO^=52'039, 

is prepared by heating peroxide of iron with four parts of 
nitrate of potash. The result is treated with cold water, 
which yields a red solution of the ferrate of potash. This 
slowly decomposes in the cold, and very rapidly when the 
solution is warm. The ferrate of baryta precipitates 
when the potash solution is acted on by a soluble salt of 
baryta. It is a permanent body, of a crimson color. 

Among other compounds of iron, the following may be 
named : 

Protocbloride of iron FeCl = 63-47. 

Perchloride " Fcj C/, = 162-35. 

Protiodide " Fel = 153-57. 

Protosnlphnret " FeS = 44 12. 

Sesqaisalphnret " Fc^Sa =10436. 

Bisnlpharet " FeSt = 60-24. 

Under what natural fonns does the hlack oxide occur ? How may it he 
fijrmed artificially ? What are the natural forms of the peroxide ? How 
may it he prepared f For what pmposes is it used ? What is its action 
witti reagentM 1 WTiat is common ink? How may the presence of iron 
be detected ? What are the properties of ferric acid ? OT the other com- 
poondB, mention some of interest 
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Of these, the protochloride is formed by passing hydro- 
chloric acid over red-hot iron. It is white, but forms a 
ffreen solution in water. The perchloride, in solution, by 
dissolving peroxide of iron in hydrochloric acid. The 
protiodide, by boiling an excess of iron filings with iodine, 
and evaporating ; it forms, on cooling, a dark gray mass. 
Its solution absorbs oxygen from the air. The protosul- 
phuret of iron, which is much used for forming sulphu^e^ 
ed hydrogen, may be made by heating a mass of iron to 
a white heat, and applying to it roll sulphur, and receiy- 
.ing the melted globules in a bucket of water. It may 
also be procured by igniting iron filings with sulphur. 
The bisulphuret occurs abundantly as a mineral of a gold- 
en yellow color, crystallized in cubes or allied forms, and 
known as Iron Pyrites, It frequently assumes the form of 
various organic remains, being one of the common petri- 
fying agents, but in this state differs essentially from the 
cubic pyrites, both in color and oxydizability, these fossil 
remains rapidly decaying under exposure to the air, but 
the other form being unacted on. Besides these, there is 
a sulphm^et of iron which is magnetic. 

SALTS OF THE PROTOXIDE OP IRON. 

Carbonate of Iron may be obtained from the sulphate 
by an alkaline carbonate, falling as a whitish precipitate. 
It turns brown, however, from the absorption of oxygen. 
It occurs as a mineral in spathic iron, and dissolves in 
water containing carbonic acid, forming chalybeate wateni. 

Protosulphate of Iron — Copperas — Green Vitriol — is 
prepared largely by the oxydation of iron pyrites, and 
crystallizes in oblique prisms of a grass green color. It 
has a styptic taste, dissolves in twice its weight of cold, 
and three fourths its weight of boiling water. It contains 
five atoms of water. At a low red heat it becomes anhy- 
drous. In this state it is used for the manufacture of the 
Nordhausen sulphuric acid. 

SALTS OF THE PEROXIDE OF IRON. 
Persulphate of Iron may be formed by adding to a so- 
lution of the protosulphate of iron half an equivalent of 
sulphuric acid, and peroxydizing by nitric acid. With 
water it forms a red solution. 

What is iron pyrites ? What is the difference of its forms ? How if 
the carbonate of iron formed ? Wliat is the process for preparing thetal* 
phate ? How is the persulphate obtained ? 
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NICKEL. jVi = S9-5. 

NicKBL may be obtained by igniting its oxalate in a cov- 
ered crucible, carbonic acid escaping, and the metal being 
ndaced. 

NiO+CkO^ ...=:... Ni-{-2{C0^) ; 

Qoe atom of the oxalate of nickel yielding one of the met- 
al' and two of carbonic acid gas. 

Nickel is a white metal, requiring a high temperature 
for fusion. It is magnetic, and has a specific gravity of 
8*5. It is commonly associated with iron in meteorites, 
tnd enters into the composition of German silver ; unites 
with oxygen, forming a protoxide and scsquioxide, the 
fbraier yielding salts of a green color; the latter is an in- 
diflferent body. 

SALTS OP THE PROTOXIDE OF NICKEL. 

Sulphate of Nickel crystallizes from its solutions with 
six atoms of water in slender green prisms, which, when 
exposed to the sun, change into an aggregate of octahe- 
drons, becoming opaque. 

Nickel is chiefly used in the preparation of German 
silver, an alloy of copper, zinc, and nickel. It is of a 
white color, takes a good polish, and is malleable. 

COBALT, Co = 29-5, 

18 generally associated with iron and nickel, and with 
atma occurs in meteoric iron. Like the preceding metal, 
it may be obtained by igniting its oxalate in a covered 
CTDcible, carbonic acid being disengaged and metallic 
cobalt left. It is a pinkish white metal, requiring a high 
temperature for fusion. Its specific gravity is 7*8. It is 
magnetic, as recent experiments have proved. It forms 
a protoxide and a sesquioxide, the former being the basis 
of a class of salts which are chiefly of a pink or blue col- 
OT. Smalt is a silicate of cobalt, and Zaffre an impure 
oxide ; the former is used to communicate to paper a faint 
blue tinge, and the blue color which the oxide gives to 
glass is taken advantage of in coloring the common vari- 
eties of earthen- wai'e. Cobalt is easily detected upon this 
principle. 

By what procets u nickel obtained ? What are its properties 7 TJnJcr 
what remaAable circumstances does it occur with iron ? What change 
does die aolphate of nickel undergo in the sonlitt^ht ? How is cobalt pro* 
enndt Ii it magnetic like nickel ? What is smalt? What is zafiro t 
What are the oaef df cobalt ? 

A a2 
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The chloride of cobalt may be made by dissolving die 
oxide or the metal in hydrochloric acid. It is a pink 
solution, which turns blue when dried. It forms a beau- 
tiful sympathetic ink, for letters written with it, especially 
on paper which has a pinkish tinge, are entirely invisible, 
but become of a bright blue color when the paper is 
warmed, the letters again fading as they become oool and 
moist. 

ZmC. Z« = 32-3. 

Zinc is a very abundant metal, immense quantitieB of 
it occurring in the state of New Jersey and in yaiioas 
Fig, iM. other places. From zinc blende, which is a sul- 
phuret, converted by roasting into an oxide, or 
from the carbonate brought into the same state 
by ignition, the metal may be obtained by the 
process of distillation by descent. The ox- 
ide, mixed with charcoal, is introduced into a 
crucible which has an iron tube passing through 
a hole in its bottom, as seen in Fig, 264, and 
the lid being luted on, the temperature is raised 
to a white heat, and the zinc, distilling over, 
may be condensed in water. 

Zinc is a bluish- white metal, which melts at about 770° 
F., and, if exposed at a bright red heat to the air, takes 
fire and bums with a brilliant pale green flame. Its spe- 
cific gravity is about 7*00. At common temperatures it is 
brittle, but it may be rolled into thin sheets at about 300® 
F., and then retains its malleability when cold. During 
its combustion there arises from it a great quantity of 
flocculent oxide, which formerly went under the name 
of nihil albumy or philosopher's wool. Among the com- 
pounds of zinc may be mentioned 

Protoxide of zinc ^»0 =40-313. 

Chloride " Z»C/ =67-75. 

Sulphuret " ZnS =48-4. 

Of these, the oxide is formed, as has been said, during 
the combustion of zinc. It is also precipitated as a white 
hydrate from its soluble salts by potash or soda, soluble 
in excess of the precipitant. The chloride may be made 

by the action of hydrochloric acid on metallic zinc. It is 

' ' - 

What property does the chloride possess ? By what process is zinc ob- 
tained ? Is there any connection between its ductility and temperature ? 
During combuatioo, what arises from it 7 How may it be detected 7 
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ued in the arts for soldering under the name of butter of 
nnc The sulphuret occurs as a mineral under the name 
i£ sine blende. 

SALTS OF THE PROTOXIDE OF ZINC 
Suljfhate of Zinc — White Vitriol, — This salt is formed 
in the process for procuring hydrogen gas by the action 
of dilate sulphuric acid on zinc. It crystallizes in color- 
less prisms with six atoms of water, and is soluble in two 
and a half parts of cold water. It has a styptic taste, 
and reddens vegetable blues. There are three different 
subsulphates of this oxide. 

Silicate of Zinc, the electric calamine of mineralogists ; 
remarkable for becoming electric when heated. 



LECTURE LXII. 

Cabmium. — Sources of — Its Volatility. — Tin. — Block and 
Crrain. — Its Properties, — Protoxide and Stannic Acid, — 
Chlorides of Tin, — Mosaic Gold, — Its Uses, — Chro- 
mium. — Chromiron, — Green Oxide and it^ Uses, — 
Chromic Acid, — Salts of the Sesquioxide, — Salts of 
Chromic Acid, — Other Metals, — Titanium. 

CADMIUM. Cd = 55-8. 

Cadmium usually occurs associated with zinc as a car- 
bonate. In the preparation of that metal by distillation, 
as has been described, the cadmium first comes over. 
From any impurity of zinc it may be separated by pre- 
cipitation from an acid solution by sulphureted hydrogen, 
which throws the cadmium down as a yellow powder, 
but does not act on the zinc. The sulphuret of cadmium 
is then dissolved in nitric acid, the oxide precipitated by 
potash, and, when dry, reduced by charcoal. The com- 
pounds of cadmium are not important. The metal itself 
is very volatile. 

TIN. 8n = 57-9. 

Tin occurs as an oxide in England, Mexico, Germany, 
and the East Indies. It may be reduced by the action 
of charcoal at a high temperature. It is found in com- 

Ho^ is white vitriol prepared 1 What is electric calamine ? Under 
irliafe circiunstaDcefl does cadmium occur? What axe the natire forms of 
tinf 
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merce under two forms, block dn and grain tin. If a bir 
of tin is heated, the purer parts, being tbe mcnne fusible, 
ooze out of it, constituting grain tin, and the mass wliidi 
is left behind is block tin. 

Tin is a white metal like silver. It oxydizes in the air 
superficially, the action ceasiuj^ as soon as a thin cnut ii 
formed. At a red heat it oxydizes rapidly, forming jmtfy 
powder^ used for polishing metals. It is very mall^le, 
and may be rolled into thin &iL WHien bent backward 
and forward it emits a crackling sound. It is veiy sofi; 
its specific graWty 7*2. It melts at 442^, and bums whea 
raised to a high temperature in the air. Some of its com- 
pounds are 

Protoxide of tin 8nO = 65-913. 

Sesquioxide .' ;Sji,03 = 139-839 

Peroxide SnO^ = 73-926. 

Protochloride SnCl = 93-37. 

Perchloride SnCl^ =128.74. 

Protosulphoret SnS = 74* 

Peraulphoret ShSm =z 90*1. 

The protoxide may be made by precipitation from the 
protochloride by carbonate of potash. It is to be washed 
with warm water, and its water finally driven off in a cur- 
rent of carbonic acid gas at a red heat. It is of a black 
color, is easily set on fire in atmospheric air, passing into 
the condition of peroxide. Its salts reduce the noble 
metals to the metallic state, when added to their solutions, 
and yield with the chloride of gold the Purple of Camus, 
The peroxide, called also stannic acid, frx>m exhibiting 
weak acid properties, may be made by the action of ni- 
tric acid on tin.. It is a hydrate in the form of a white 
powder, insoluble in acids and water; but if obtained by 
precipitation from perchloride of tin, it is soluble both in 
acids and alkalies. Melted with glass, it forms a white 
enamel. 

The protochloride may be made by dissolving tin in 
warm hydrochloric acid. The solution, when concentra- 
ted, deposits crystals of the hydrated protochloride. These 
are decomposed when heated. The anhydrous protochlo- 
ride may be had by passing hydrochloric acid gas over 
metallic tin at a red heat The perchloride is procured 

What are block and grain tin ? What are the properties of tin T When 
a bar of tin is bent backward and forward, what phenomenoa arises f 
How is the protoxide made, and how do its salts act on those of the nobis 
metals ? How is stannic acid prepared ? What does it yield witli gloss f 



CHROMIUM. 285 

by diBtilling eight parts of tin with twenty-four of corro- 
nve sablimate. It is a smoking fluid, and was formerly 
called the FumtJtg Liquor of Libavius. A solution of 
this substance, much used in dyeing, is made by dissolving 
tin in nitromuriatic acid, or by warming a solution of the 
protochloride with a little nitric acid. 

Of the Bulphurets, the first may be formed by pouring 
melted tin on sulphur, and igniting the powdered result 
with more sulphur in a crucible. It is a bluish gray com- 
pdand. The persulphuret is obtained when two parts g£ 
peroxide of tin, two of sulphur, and one of sal ammoniac 
are ignited in a retort. It is a body of a golden yellow 
color, formerly called Aurum Musivum, or Mosaic gold, 
in small scales of a greasy feel, and is used for exciting 
electrical machines, being much more energetic than the 
common amalgam, though less durable in its power. 

Tin furnishes several valuable metallic combinations ; 
Tin Plate is sheet iron superficially alloyed with it. 
The soft solders are alloys of lead and tin. Pewter is an 
alloy with antimony. 

CHUOMIUM. Cr=2e. • 

Chromium occurs abundantly near Baltimore as the 
chromate of iron {Chrome Iron), more rarely as the red chro- 
mate of lead. The metal may be obtained by the action 
of charcoal on the oxide at a high temperature, and is of 
a yellowish-white color. It takes its name from its tend- 
ency to produce highly colored compounds. It is very 
infusible, and has a specific gravity of about 6*00. Its conv- 
pounds, to be here described, are 

Sesqaioxide of ohromiom .... Cr^Oi^= 80*039. 

Chromic acid CrOj = 52039. 

Betqoichloride ofchrozxuam . . . Crj O3 = 162-26. 

The sesquioxide may be prepared by heating the chro- 
mate of mercury to redness in a crucible. The mercury 
is driven off, and the chromic acid partially deoxydized, 
leaving a beautiful grass-green powder, the sesquioxide. 
It may also be obtained by heating the bichromate of pot- 
ash red hot, and washing the residue in water ; also as a 
hydrate, by boiling a solution of bichromate of potash with 

What ia the faming liqaor of Libaviaa ? How is mosaic gold made, 
iad what ia its use ? What alloys does tin fiimish 7 Under what fimna 
does Ghromiam oc<nir in nature ? How is its sesquioxide prepared, and 
iHiat ia ita nae f 
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muriatic acid, and adding alcohol ; the mixture becomes 
of a green color, and ammonia precipitates the hydrated 
sesquioxide. It is a weak base, yielding a class of salts 
of a blue or green color. In the state of hydrate it is sol* 
uble in acids ; but, on making it red hot, it. suddenly be- 
comes incandescent, passes into another allotropic state, 
and is now insoluble. This sesquioxide is isomorphous 
with the scsquioxides of iron and alumina. In its two al- 
lotropic states, it yields corresponding classes of salts, one 
of which is CTeen, and the other reddish green. It is used 
for communicating a green color to porcelain. 

Chromic Acid may be made by adding one volume of a 
saturated solution of bichromate of potash to one and a 
half of oil of vitriol. On cooling, red crystals of chromic 
acid are deposited. It is isomorphous with sulphuric acid, 
produces with bases yellow ana red salts, is a powerful 
oxydtaing agent, is decomposed by a red heat into the ses- 
quioxide, destroys the color of indigo and other dyes, 
and may be detected by producing with the salts of lead, 
chrome yellow, and by its ready passage, under the influ- 
ence of deoxydizing agents, into the sesquioxide. 

The sesquichlorido is procured when chlorine is passed 
over a mixture of the sesquioxide and charcoal in a red- 
hot tube. It is a lilac-colored body, which forms a green 
solution in water. There is also an oxychloride, which 
may be distilled as a deep-red liquid from a mixture of 
chromate of potash, common salt, and oil of vitriol. The 
fluoride, which is a red gas, is obtained by distilling in a 
silver retort a mixture of chromate of lead, fluor spar, and 
oil of vitriol. It is decomposed by the moisture of the air, 
forming chromic and hydrofluoric actds. 

SALTS OF THE SESaUIOXIDH OF CHROMIUM. 

Sulphate of Chromium and Potash — Chrome Alum.-- 
When the oxide of chromium is dissolved in sulphuric 
acid and mixed with the sulphate of potash and a little 
free sulphuric acid, crystals of chrome alum are deposit- 
ed in red or blue octahedrons. The sulphate of chromium 
alone does not crystallize. 

Chrome Iron, a compound of the sesquioxide of chro- 
mium and the protoxide of iron, is found native, crystal- 
How M chromic acid made 7 Does it poasess bleachini^ powers ? How 
are the chloride and fluoride obtained 7 What ii the iann of the latter 
body 7 What is chrome alum 7 
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Bsed in octahedrons, and also massive. It furnishes most 
of the compounds of chromium. 

SALTS OF CHROMIC ACID. 

€Jhramate rf Potash may be made by igniting chrome iron 
with one fifth its weight of nitrate of potash. It crystal- 
lises in small, lemon-yellow prisms, and is very soluble 
in hot water. The crystals are anhydrous. 

jBichromate of Potash may be prepared from the for- 
mer by adding an equivalent of acetic acid : it crystal- 
lizes in prisms of a ruby red. Large quantities are con- 
muned by dyers. 

Chromate of Lead — Chrome Yellow, obtained by pre- 
cipitation from either of the foregoing salts by a soluble 
salt of lead. It is used as a paint. 

Dichromate of Lead is formed by adding chromote of 
lead to melted nitrate of potash, and dissolving out the 
chromate of potash and excess of nitre by water. It is of 
a beaudftil red color. 

The following metals, Vanadium, Tungsten, Molyb- 
denum, Osmium, and Columbium, are not applied to any 
purposes in the arts, or are so rare as not to be of general 
interest. Titanium might be included in the same obser- 
vation ; it is, however, deserving of remark as being a red 
metal like copper, and titanic acid, one of its oxygen com- 
pounds, is used in the coloring of artificial teeth. 



LECTURE LXIII. 

Arsenic. — Preparation of the Metal, — Properties ofAr- 
senious Add, — Two Varieties of it. — Two methods of 
detecting it, — Process in Cases of Poisoning. — Sulphur^ 
eted Hydrogen Test, — Marshes Test, — The Copper Test, 
— Di0C2ilties arising from Antimony, 

ARSENIC. As = 377. 

Absenic is obtained by sublimation in a current of air 
of the arseniuret of cobalt and iron, the vapor condensing 
as a white oxide. This being mixed with powdered char- 

What ifl the oonstitation of the two chromates of potash ? Wliat U 
dnome yellow 7 What ii the color of titanium 7 From what nbftanoet, 
ind in what manner, ia arseniouB acid prepared 7 
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Fi#.«9. coal, or black flux, and heated, the metallic ane- 
^C nic subUmes. The process maj be condncted 'm 
W^ a tall vial imbedded in a crucible filled with sand, 
MB| two thirds of the vial projecting above the heated 
\m sand. On this cooler pcHlioa the metal condeiuei 
V^ It is also sometimes found in a native state. 
Arsenic is a metallic bodj, of an aspect darker than cast 
iron ; it bt very brittle, its specific gravity is 5'S8, and, vdien 
slowly sublimed, it crystallizes in rhombohedrons. At 
356^ F. it sublimes without undergoing fiision, its melting 
point being much higher than that of sublimation. Its va- 
por has a smell of garlic, as may be readily recognized hj 
throwing a little arsenious acid on a red-hot co^. Arse- 
nic prepared by black flux tarnishes, it is said, fiiom con- 
taining a little potassium. Among its compounds, the fol- 
lowing may be mentioned : 

Anenumi acid As^O^zzz 99*439. 



Ancnic acid 

Protoialpharet of anenic . 
Sesqaiaalpharet of aneide 
Aneniureted hydn^en 



At^Oi =dl5'46S. 
AsS = 53-& 
As^Sa a= 123-7. 
A$H = M-T. 



Arsenious Acid is formed when arsenic is sublimed in 
atmospheric air. It is a white substance, which, when 
the process is conducted slowly, crystallizes in octahe- 
drons. Similar octahedral crystals may be obtained by 
heating arsenious acid itself in a tube to 380^ F. When 
the operation has been recently performed and a large 
mass sublimed, it is a glassy, transparent body, which in 
the course of time slowly becomes milk-white. The spe- 
ciHc gravity of arsenious acid is 3*7. It is nearly taste- 
loss, of sparing solubility in water, the two varieties dif- 
fering in this respect. By 100 parts of water, 11*5 of the 
opaque, but only 9*7 of the transparent, are dissolved. 
This substance passes currently under the name of ane- 
nic. It ought not to be forgotten that the arsenic of chem- 
ical wi-iters and that of commerce are very diflerent bod- 
ies : the one is black and the other white ; the one is a 
metal and the other its oxide. 

Arsenious acid may be detected by several methods. 

How is the metal obtained from it? What are its propertieaf Whil 
u the odor of its vapor ? Why can not it be melted T Prom the metti, 
how may arsenious acid be procured ? What change does the glassy v»» 
nety undergo in time 1 Of these varieties, which is most soluble m water f 
Wliat IS the difference between the anenic of cfaemxsti a^ the iiMDiD 
of conimci'cc ? 
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Ist. With ammonia sulphate of copper, it gives an 
emerald green precipitate ; the arsenite of copper, or 
8cheele*s green. 

2d. With the ammonia nitrate of silver, a canary yel- 
low precipitate ; the arsenite of silver. 

3a. With sulphureted hydrogen, a solution, previously 
acidulated with acetic or muriatic acid, yields a yellow pre- 
cipitate, the sesquisulphuret of arsenic, orpiment. This, 
"wl^en dried and ignited with black flux (a mixture of 
charcoal and carbonate of potash, obtained by igniting 
cr6ani of tartar in a covered crucible), yields a sublimate 
of metallic arsenic. 

4th. With the materials for generating hydrogen gas ; 
that is, sulphuric acid, zinc, and water, placed in a bottle ; 
if arsenious acid be present, arseniureted hydrogen is dis- 
engaged. When set on fire, it burns with a pale blue 
flame, emitting a white smoke ; and if a piece of cold glass 
be held in the flame, there is deposited upon it a black 
spot of arsenic, sun-ounded by a white border of arsen- 
ious acid. This stain is volatilized on heating the glass. 
Or if the arseniureted hydrogen be conducted through a 
tube of Bohemian glass, made red hot at one point by a 
spirit lamp, it is decomposed, and metallic arsenic depos- 
ited on the cooler portions beyond the ignited space. 

6th. If a solution containing arsenious acid be acidu- 
lated with hydrochloric acid, and boiled with slips of cop- 
per, the metallic arsenic is deposited upon the copper as 
an iron gray crust. 

In cases of poisoning by this substance, it is unsatisfac- 
tory to apply, in the first instance, color-giving tests, such 
BA the first, second, and third ; as the liquid obtained from 
the stomach is itself highly colored and turbid. It is, 
therefore, desirable to examine that organ and its contents 
minutely, endeavoring to discover any wliite granules, or 
specks, which may be supposed to be arsenious acid, and 
if such are found, to examine them separately. 

The contents of the stomach, the larger pieces having 
been divided, are to be boiled in water, and strained 
through a linen cloth. A current of chlorine gas passed 

"Wliat is the action of ammonia sulphate of copper on arsenious acid 7 
What of tlie ammonia nitrate of silver ? What of sulphureted hydrogen t 
What ifi tlio process for detectinjj it by arseniureted hvdrog'en ? What is 
01^ by copper ? In cases of poisoning, wjfy can not color tests be applied 7 
How IS the Uqaid obtained from the stomach to be clarified 7 

Bb 
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through this liquid coagulates and sepamtes much of the 
animal matter ; or, what is more convenient, if the solu- 
tion bo first acidulated with nitric acid, and then nitrate 
of silver be added, much of the animal matter may be re- 
moved. By the addition of a solution of common salt, the 
excess of the silver salt may be precipitated, and the 
liquor being filtered, is then fit for the third or fourth of 
the foregoing tests. 

In the application of sulphureted hydrogen, the liqoor 
having been clarified as just stated, the gas is passed 
through it until it smells strongly. It is then to be boiled 
for a short time, to expel the excess of gas, and filtered. 
The yellow precipitate of sesquisulphuret of arsenic, or 
orpiment, which is collected, is to be thoroughly dried, 
and introduced, with twice its bulk of black flux, into the 
Fig. see. bulb, a, of a tube, such as Fig. 266, made of 
^/^ hard glass. On the temperature being rais- 

r^y^^f^ cd by a lamp, metallic arsenic subhmes, 
(L^"^^^ forming an iron black ring round the part, 
^wf h. By cutting off the bulb of the tube and 

heating the black crust gradually, it slowly sublimes to- 
ward the colder part, producing a white deposit of ar- 
senious acid in octahedral crystals. 

In the application of Marsh* s test^ the liquor, having 
been cleared either by chlorine or by nitrate of silver, as 
above described, is to be introduced into a bottle con- 
taining dilute sulphuric acid and zinc, a tube, bent as 
Fig. 967. represented in Fig, 267, a, passing lat- 

y^*>^ fc^ 'h erally from the cork ; arseniureted hy- 
jk ^S-«^ drogen now passes off, and may be set 
f\^ on fire as it escapes fix>m the end of the 

■■i tube, and examined by holding in the 

^^ flame a piece of cold glass, h. If no spot 

be produced, then the tube, which for this reason should 
be made of a hard glass not containing lead, is to be ignit- 
ed by a spirit lamp at the point c, and the gas will de- 
posit its arsenic a little beyond that point. In this man- 
ner, the tube being kept red hot for hours, the smallest 
quantity of arsenic may be discovered. 

If the liquor, notwithstanding the care taken to clear it* 

Dercribe the test by Bolphureted hydrogen. Describe Marah'e tei^p 
^^J^'^%\''"^'^ °^ "^""^ ^ .eparated fixm a large quanti^ i^ 
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firoths when the hydrogen is disengaged, so as to inter- 
fere with the results by choking the tube, the gas is best 
collected under a jar at the pneumatic trough, and may be 
subsequently examined. 

The fifth test, by copper, may bo sometimes advanta- 
geously applied to collect the arsenic from solutions ; the 
crust upon the copper may be subsequently examined, ei- 
ther by sublimation or otherwise. 

It is to be remembered that antimony will yield results 
closely resembling those of arsenic by Marsh's test ; but 
on heatinff the glass plate on which the stain has been de- 
posited, if it be arsenic, it will totally volatilize away; but, 
if antimony, though the flame of a blow-pipe bo thrown 
upon it, it will not disappear, but only gives rise to a yel- 
low oxide, which turns white on cooling. 

In medico-legal investigations, it should also be re- 
membered that, as sulphuiic acid and zinc of commerce 
sometimes contain arsenic, it is absolutely necessary that 
the specimens about to be used be critically examined 
themselves by being tried alone before the suspected so- 
lution is added. 



LECTURE LXIV, 

Arsenic. — Antiseptic Quality of Arsenious Acid. — Anti" 
dote for Poisoning. — Arsenic Acid. — Isomorphous with 
Phosphoric Acid. — Realgar and Orpiment. — Arseniuret- 
ed Hydrogen. — Antimony. — Reduction of. — Oxides, 
Chlorides^ and Stdphurets of. — Antimoniureted Hydro- 
gen. — Detection of Antimony. — Tellurium. — ^Uranium. 
— Copper. — Reduction of. — Use of Oxide. — Detection 
of. — Salts of Protoxide, 

Arsenious Acid possesses a remarkable antiseptic qual- 
ity, and hence often preserves the bodies of persons who 
have been poisoned by it. Advantage is also taken of this 
fact by the collectors of objects of natural history in pre- 
serving their specimens. 

Whco the liquid froths, what course is to be pursued 1 'When may the 
test of copper be advantageously ajpplied ? What metal closely resembles 
■nenic in these respects! Why is it necessary to examine the sulphorio 
mead and zinc empk^ed in these experiments? Doe* axsenious acid poi- 
sess an antiseptic quality ? 
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The antidote fbr poisoning by arsenic is the hydrated 
sesquioxide of iron. It may be made by adding carbon- 
ate of soda to the muriate of iron. It should be given in 
the moist state, mixed with water. After being once 
dried, it loses much of its power. It produces an inert 
basic arsenite of the peroxide of iron. 

Arsenic Acid is found in nature in union with varions 
bases. It may be made by acting on arsenious acid with 
nitric acid, with the addition of a little hydrochloric acid, 
and evaporating till the nitric acid is expelled. The re- 
sulting acid contains three atoms of water, and is isomor- 
phous with tribasic phosphoric acid. The arseniates yield, 
with nitrate of silver, a dark-red precipitate of the triba- 
sic arseniate of silver. The monobasic and bibasic forms 
of the acid are not known. It should not be forgotten in 
medico-legal inquiries respecting arsenic, that the arse- 
niate of lime, may naturally replace phosphate of lime in 
bone earth, and this acid substitute the phosphoric in other 
parts of the system. 

The protosulphuret of arsenic may be obtained by melt- 
ing arsenious acid with sulphur. It occurs as a mineral 
Realgar, and is a red-colored substance. 

The sesquisulphuret is deposited when a stream of sul- 
phureted hydrogen is passed through a solution of arse- 
nious acid. It is a yellow body, and is used in dyeing; 
it is also known under the name of Orpiment. 

Arseniureted Hydrogen is prepared by acting on an al- 
loy of zinc and arsenic with dilute sulphuric acid. It is 
a colorless gas, bums with a blue flame, exhales an odor 
like garlic. Its specific gravity is 2*695. It is decom- 
posed by chlorine, iodine, and the arsenic is separated by 
neat and by the rays of the sun. 

ANTIMONY. iSr6 = 64-6. 

This metal occurs commonly as a sesquisulphuret in 
nature, from which it may be obtained by heating with 
iron filings, a sulphuret of iron forming, and metallic an- 
timony subsiding to the bottom of the crucible. It maj 
also be obtained by fusing the sulphuret with black fluX, 

What is the antidote for this poison? How is it prepared ? How i^ 
arsemc acid prepared ? What fact arises from the isomor])hism of arsen- 
ic and phosphoric acids ? What is realgar ? What is oq)iment ? Ho^ 
may arseniureted hydrogen be made 1 From what source is antimony ob' 
tamed ? What is the process for its preparation ? 
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Mrhich produces* a sulphuret of potassium and metallic 
Blitiinony. 

Antimony is a blue-white metal, of a very crystalline 
structure, and so brittle that it may be pulverized. It 
melts at 810<^ F. Its specific gravity is 6-7. It possess- 
es, at high temperatures, an intense affinity for oxygen ; a 
fragment of it the size of a pea being ignited on a piece 
of charcoal before the blow-pipe, and then suddenly thrown 
on the table, takes fire, breaking into a multitude of glob- 
ules, and filling the air with fumes of the white sesqui- 
oxide. Antimony yields the following compounds : 



Sesqaioxide of antimony 



Sb^Oi =153-239. 



SbiO^ =161-232. 

iSbiOd =169-265. 

Sbi CI3 = 235-46. 

SbiCls =306-3. 

SbiSs =177-5. 

SbiSs =209-7. 

2iS^2 S3 -f Sbi O3 = 508-2. 



Antimonioos acid 
Antimonic acid .... 
Sesqaichloride of antimony 
Percliloride " 

Sesquisulphuret " 
Persalphuret " 

Ozysmphuret " 

The Sesquioxide of Antimony may be made by adding 
to an acid boiling solution of chloride of antimony car- 
bonate of soda. It is a gray powder, and is the base of a 
class of salts, among which tartar-emetic may be men- 
tioned. These salts give an orange- colored precipitate 
with sulphureted hydrogen. 

Antimonious Acid is produced by heating the oxide of 
antimony, or antimonic acid. It is a white powder, and 
unites with bases, forming antimonites. 

Antimonic Acid may be prepared by acting on metallic 
antimony with nitric acid. 

Sesquichloride of Antiinony is made by dissolving one 
part of sulphuret of antimony in five of hydrochloric acid, 
and distilling. As soon as the matter which passes over 
becomes solid, the receiver is to be changed, and, contin- 
uing the heat, the sesquichloride is collected. It was for- 
merly known as butter of antimony. The perchloride 
may be made by burning antimony in chlorine gas. The 
oxychloride is produced when the sesquichloride is placed 
in contact with water. It was formerly known as pow- 
der of algaroth. 

The sesquisulphuret occurs abundantly as a mineral, as 



What are its properties ? What color is the precipitate yielded by the 
■alts of the liesquioxide and snlphareted hydrogen ? How is antimouionB 
acid prepared? What is the butter of antimony ? What is the powder 
of algaroth ? What is the aspect of the native sesqaisnlphnret 7 

Bb2 
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has been Baid. It is also formed by the action of solphu- 
reted hydrogen on the salts of the oxide of antimony. la 
this case it is of an orange color, in the former it has a 
metallic aspect. The persulphuret is procured when the 
sesquisulphuret and sulphur are boiled in a solution of 
potash, the liquor filtered, and an acid added, a yellow 
precipitate going down. It was known formerly as the 
Golden Sulphuret of Antimony, The oxysulphuret occurs 
native as Xhe red ore of antimony, and may also be made 
by boiling the sesquisulphuret with a solution of potash. 
On cooling, precipitation of it takes place. It is stated, 
however, by Berzelius, that this is not a true compound, 
but merely a mechanical mixture of the oxide and sulpha- 
ret in irregular proportions. This precipitate is also known 
under the name of Kermes Mineral. From the liquor, af- 
ter the kermes is separated, an acid throws down the gold- 
en sulphuret of antimony. 

Antimoniureted Hydrogen. — ^When hydrogen is evolved 
from a solution containing tartar emetic (tartrate of anti- 
mony and potash), this substance is produced. It is a gas, 
having a superficial resemblance to arseniureted hydro- 
gen, and when used as in Marsh's apparatus, gives a stain 
on glass resembling that of arsenic. From ai^senic it may 
be distinguished by not being volatile. 

The soluble salts of antimony may be distinguished hy 
giving an orange precipitate with sulphureted hydrogen, 
soluble in sulphuret of ammonium, but again precipitated 
by an acid. 

Antimony furnishes some valuable alloys: printer's 
type metal, for example, is an alloy of this substance with 
lead. It expands in the act of solidifying, and, therefore, 
takes accurate impressions of the interior of a mould. 

TELLURIUM. Te = 64-2. 
Tellurium is a rare metal, of a white color, very fusi- 
ble and volatile, having several analogies with selenium, 
and uniting with hydrogen to form tellureted hydrogen, 
which, with water, yields a claret-colored solution. 

URANIUM, 27=217, 

is likewise a very rare metal, of the nature of which there 

What U the golden sulphuret? What is Kermes mineral ? How if 
witmioniureted hvdrogen made ? How may the salts of antimony be dis- 
tmguished 7 What are the properties of tellurium ? 
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qe considerable doubts, it being supposed that what was 
fininerly regarded as the metal is in reality its protoxide. 
It may be remarked, if these observations are incorrect, 
that uranium has the highest equivalent of any of the ele- 
mentary bodies. It is used to a small extent to^ve black 
and yellow colors to porcelain. 

COPPER. Ci* = 31*6. 

Copper is often found native, and in certain parts of the 
United States in masses of very great magnitude. It also 
occurs as a carbonate and sulphuret. In the latter com- 
bination, it is found with tlie sulphuret of iron, as yellow 
copper ore. This being roasted, the sulphuret of iron 
changes into oxide, the copper sulphuret remaining un- 
changed. The mass is then heated with sand, which 
yields a silicate of iron, the sulphuret of copper separa- 
ting. This process is repeated until all the iron is parted ; 
and now the sulphuret of copper begins to change into 
the oxide, which is finally decomposed by carbon at a high 
temperature. 

Copper is a red metal, requiring a high temperature for 
fusion. Its specific gravity is 8*617. It has great tenac- 
ity, and is ductile and malleable. A polished plate of 
it, heated, exhibits rainbow colors, and is finally coated 
with the black oxide. It is one of the best conductors of 
heat and electricity. Among its compounds, the follow- 
ing may be mentioned : 

Protoxide of copper CuO = 39*613. 

Suboxide " CmjO =71-213. 

Chloride " CuCl =66-02. 

Bichloride " C«aC/ = 98-62. 

Disulphuret " Cu^S =79-32. 

Protoxide of Copper may be made either by igniting me- 
tallic copper in contact with air, or by calcining the ni- 
trate. It 18 a black substance, not decomposable by heat, 
but yielding oxygen with facility to carbon and hydrogen, 
and hence extensively used in organic analysis. It is a 
base, yielding salts of a blue or green color. The sub- 
oxide, called, also, red oxide, occurs native as ruby cop- 
per. It is a feeble base. The disulphuret also occurs 
native, as copper pyrites. 

What is remarkable as respects the alleged atomic weight of oraxutim? 
Uxider what forms does copper naturally occur? What is the process for 
its reduction ? What are its properties ? Which of its osddes is used in 
organic analysis ? 



SALT:» or COPPEm. 

Copper 19 eadOj detected. Caustic potash gives, with 
its prot(.»3aIt, a pale-blue hyflrate, Tiv-hich turns black on 
boiling^. Ammonia, in excess, yields a. beautiful purple 
solution ; ferrorvanide of potassium, a chocolate brown 
precipitate ; sulphureted hydrogen, a black; and metallic 
iron, ad the blade of a knife, precipitates metalfic copper. • 

SALTS OF THE PROTOXIDE OF COPPER. 

Carbonate of Copper. — The neutral carbonate of cop- 
per is not knowTi ; but there are seTeral varieties of di- 
carbonates. One, ii*"hich passes under the name of Miner- 
al Greeny is formed by precipitating with an alkaline car- 
bonate. It occurs naturally in the form of Malachite. 
Blue copper ore is another dicarbonate ; the paint called 
Crreen Verditer has a similar composition. 

Sulphate of Copper — Blue Vitriol — ^is prepared forcom- 
m€?rce by the oxydalion of the sulphuret of copper. It 
crystallizes in rhomboids of blue color, with four atoms of 
water. It is soluble in finir times its weight of cold, and 
twice its weight of hot water. It is an escharotic, an as- 
tringent, and has an acid reaction. With ammonia it forms 
8 compound of a splendid blue color, which may be ob- 
tained in crystals; with potash, also, it forms a double 
salt. There are also subsulphates of copper. 

Nitrate of Copper, formed by the action of nitric acid on 
metallic copper. It crystallizes in prisms, or in plates. 
It acts with very great energy on metallic tin. There is 
a subnitrate of copper. 

Arsertitc of Copper — Scheele's Chreen — produced by add- 
ing solution of arsenious acid to the solution of ammonia 
sulphate of copper. 

Copper yields several valuable alloys. Brass is an al- 
loy of copper and zinc ; gun metal, bell metal, and spec- 
ulum metal, of copper and tin. The gold and silver of 
currency contain portions of this metal ; it communicates 
to them the requisite degree of hardness. 

How may copper be detected ? Under what forms do the carbonates 
of copper occur t What are the method of preparatbn abd properties 
oftheBulphate? What is Scheele'a green t What are brass, gun metal 
and bell metal 7 Why is silver and gold coinage alloyed ? 
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LECTURE LXV. 

Lead. — Reduction of Galena. — Relations of Lead to Wa- 
ter, — The Oxides of Lead, — Detection of Lead, — Bis- 
muth. — Silver. — Amalgamation, — Crystallization. — 
CupeUatian, — Properties of Silver, — Salts of Silver. 

LEAD. Pb = 103-6. 

Lead occurs under various mineral forms, but the most 
valuable one is galena, a sulphuret. From this it is read- 
ily obtained. The galena, by roasting in a reverberatory 
furnace, becomes partly converted into sulphate of lead ; 
the contents of the furnace are then mixed, the tempera- 
ture raised, and the sulphate and sulphuret produce sul- 
phurous acid and metallic lead, the action being 

PbO, SO^ + PbS ... = ... 2S0^ + Pb,. 

Lead is a soft metal, of a bluish- white color. Its spe- 
cific gravity is 11-381. It melts at 612^ F., and on the 
surface of the molten mass an oxide (dross) rapidly forms. 
At common temperatures it soon tarnishes. In the act 
of solidifying it contracts, and hence is not fit for castings. 
It possesses, at common temperatures, the welding prop- 
erty ; two bullets will cohere if fresh-cut surfaces upon 
them are brought in contact. Under the conjoint influ- 
ence of air and water lead is corroded, a white crust of 
carbonate forming. But when there are contained in the 
water small quantities of salts, such as sulphates, these 
form with the lead insoluble bodiea, which, coating its 
surface over, protect it from farther destruction. For 
this reason, lead pipe can be used for distributing water 
in cities without danger. Lead is one of the least tena- 
cious of the metals. The tartrate of lead calcined in a 
tube yields one of the best pyrophori. On biinging it 
into the air at common temperatures, it spontaneously 
ignites. 

Of the compounds of lead, the following are some of 
the more important : 

Under what fbrm does lead chiefly occur? How is galena reduced f 
Why can not lead he used tor castings ? What is the action of pure wa- 
ter, and water containing salts, upon it ? 
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Protoxide of leid PbO = 111-613. 

SeBquioxide " PA, O, = 231-239. 

Peroxide " PbOt =119-626. 

Red oxide " P6a 04 = 342852. 

Chloride " PbCl = 139-62. 

Iodide " Pbl =2299. 

Sulphuret " Pb8 = 119*7. 

The protoxide is made by heating lead ix\ the air; it is 
a yellow body, which fUses at a bright red->heat. In the 
firat state it is called massicot ; in the latter, litharge. It 
yields a class of salts, being a base. It is slightly soluble 
in water. The peroxide is made from red lead by di- 
eesting it with nitric acid, which dissolves out the protox- 
ide, and leaves the substance as a puce colored powder. 
The red oxide, or red lead, is made by calcining lead in 
a current of air at 600^ or 700° F. It is used in the 
manufacture of flint glass. The chloride is made by the 
action of hot hydrochloric acid on protoxide of lead : on 
cooling, it is deposited in crystals. The iodide is formed 
when any soluble iodide is added to a protosalt of lead ; 
it is a beautiful yellow precipitate, soluble in boiling 
water, forming a colorless solution, which, on cooling, de- 
posits golden crystals. The sulphuret is galena ; it crys- 
tallizes in cubes, and has a high metallic lustre. 

Lead is easily detected by sulphureted hydrogen, which 
throws it from its solutions as a deep brown or black pre- 
cipitate, and by the iodide of potassium or chromate of 
potash, which gives with it a yellow precipitate. Sul- 
phuric acid yields with its salts a white insoluble sulphate 
of lead. 

SALTS OF THE PROTOXIDE OP LKAD. 
Carbonate of Lead — White Lead — Ceruse, — This salt 
forms as a white precipitate when an alkaline carbonate 
is added to a solution of a salt of lead. Large quantities 
of it are consumed in the arts as white paint. For com- 
merce it is procured by mixing litharge with water con- 
taining a small proportion of acetate of lead ; carbonic 
acid gas is then sent over it, and the carbonate rapidly 
forms. It is also made by exposing metallic lead in 
plates to the action of the vapor of vinegar, air, and moist* 
ure, the metal becoming oxydized and carbonated. 

What is massicot? How is it prei^ared? What is litharge? How 
18 the peroxide prepared ? How is minium made f How may lead be 
detected ? Mention some of the methods by whicli white lead may b« 
made. 
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Nitrate of Lead may be formed by diBSolving litharge 
in dilute nitric acid ; it crystallizes in opaque white octa- 
hedrons, which dissolve in seven or eight times their 
weight of cold water. They contain no water of crystal- 
lization, and are decomposed at a red heat, as stated in 
the description of nitrous acid. By the action of ammo- 
nia, three other nitrates of lead may be obtained. 

Among the alloys of lead are the sofl solders. Two 
parts of lead and one of tin constitute plumber's solder ; 
one of lead and two of tin, fine solder. 

BISMUTH. ^i = 7107. 

Bismuth is found both native and as a sulphuret. It is 
of a reddish color, melts at 497°, and may be obtained in 
beautiful cubic crystals by cooling a quantity of it until 
Bolidification commences, then breaking the surface crust 
and pouring out the fluid portion. 

When bismuth is dissolved in nitric acid, and the solu- 
tion poured into water, the white subnitrate is deposited, 
once used as a cosmetic ; when this is washed, and sub- 
sequently heated, the protoxide is left. There is also a 
peroxide. 

Fusible metal is an alloy of eight parts of bismuth, five 
of lead, and three of tin ; it melts below the boiling point 
of water, and may be obtained in crystals. 

SILVER. ^5^ = 108-31. 

Silver is found native, and as a sulphuret and a chlo- 
ride, occurring, also, with a variety of other metals, and 
in small proportion with galena. When disseminated as 
a metal through ores, it may be collected from them by 
amalgamation with quicksilver, and, on. distilling, the 
■quicksilver is driven off. 

When it is obtained from the sulphuret, that ore is 
,lx>asted with common salt, which changes it into a chlo- 
ride. This, with the impurities with which it may be 
Bssociated,'i3 put into barrels, which revolve on an axis, 
^ong with water, pieces of iron, and metallic mercury ; 
the iron reduces the chloride to the metallic state, and 
the silver amalgamates with the mercury. This is washed 
from the impurities, strained through a bag to separate 




li it reduced from the sulphuret? 
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the excess of mercury, and the residue is driven off by 
distillation. 

The extraction of silver, when it occurs in small quan- 
tity with lead, has been recently much improved by the 
introduction of the process of crystallization. It depends 
upon the fact that an alloy of lead and silver is more fiisi- 
ble than lead. A large quantity of argentiferous lead is 
melted and allowed to cool. As the setting goes on, the 
first portions which solidify are pure lead ; they may be 
removed by iron colanders, and by continuing the process 
there is finally lefb a portion containing all the silver. 
This is exposed to a red heat, and a stream of air direct- 
ed over it; oxydation of the lead takes place, and the 
litharge is removed by the blast, the process being finally 
completed by cupellation. 

A cupel is a shallow dish made of bone ashes, and is 
very porous. In this, if an alloy of lead and silver be heat- 
ed with access of air, the lead oxydizes, and, melting into 
a glass, soaks into the cupel, or may be driven from the 
surface by a blast of air directed from a bellows. At the 
same time, any copper or other base metal oxydizes and 
is removed along with the lead. The completion of the 
process is indicated by the silver assuming a certain brill- 
iancy, or flashing, as the workmen term it. 

Silver is a white metal capable of receiving a brilliant 
polish. It is malleable and ductile, an excellent conduct- 
or of heat and electricity. Its specific gravity is 10-5. It 
melts at 1873° F., and when melted absorbs a large quan- 
tity of oxygen, giving it out again as soon as it solidifies, 
and assuming a frosted or porous appearance. The pres- 
ence of a minute quantity of copper prevents this effect 
Silver is so soft that, for making plate or coins, it requires 
to be alloyed with a portion of copper ; from this it may 
be purified by dissolving it in nitric acid, and precipitating 
the silver as chloride by a solution of common salt. Sil- 
ver shows little disposition to unite with oxygen, though 
it tarnishes readily by the action of sulphureted hydrogen. 
It yields three oxides, but of its compounds the foUotving 
are the most important : 



What is the procosa of amalgamation ? What is the procosR of crystal- 
lization ? WTiat is the process of capellation ? What are the nnopertifia 
of silver ? Why does it frecpently require to bo albycd with copper I 
What remarkable relation does it possess to oxygen? 
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Protoxide of silver . . . . ^g'O =116-323. 

Chloride " .... AgCl = U3'78. 

Iodide " .... Agl =23448. 

Salphuret " .... AffS =124-43. 

The protoxide may be made by the action of caustic 
potash on a solution of nitrate of silver, or by boiling re- 
cently-prepared chloride in potash. It is a dark powder, 
which may be reduced by heat alone. The chloride is 
sometimes found native, as horn-silver, and may be made 
by precipitation from the nitrate by hydrochloric acid, 
or a soluble chloride. Like the iodide, it turns dark on 
exposure to the indigo rays, and hence is used in photo- 
genic drawing. The sulphuret is produced whenever sul- 
ghureted hydrogen acts on oxide of silver, or even metal- 
c silver ; it is a black compound. 
Silver is easily detected by precipitation as a chloride : 
a curdy, white precipitate, insoluble in water, but soluble 
in ammonia. It turns dark on exposure to the sun. 

SALTS OF THE PROTOXIDE OF SILVER. 

Nitrate of Silver — Lunar Caustic — procured by dissolv- 
ing silver in nitric acid, diluted with twice its weight of wa- 
ter. It crystallizes in tables which Eire not deliquescent and 
contain no water of crystallization. It enters into fusion 
at 426^ F., but at higher temperatures undergoes decom- 
position. It is frequently cast into small sticks and used by 
surgeons as a cautery. It is soluble in its own weight of 
cold and half its weight of hot water, and, when in contact 
with organic matter, turns black in the rays of the sun. 

Ammaniuret of Silver— Berthollet^sFidminating Silver — 
is formed by digesting precipitated oxide of silver in am- 
monia. It explodes with the utmost violence under the 
feeblest friction, with the evolution of nitrogen and the 
vapor of water. 

: How may the protoxide be prepared ? What changes do the chloride 
and iodide e^ibit imder the influence of light ? How may silver be de- 
tected 1 How is lunar caustic made ? 

C c 
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LECTURE LXVI. 

Mercury. — Process of Reduction, — The Liquid State of. 
— Its Oxides, — CkUomel and Corrosive Sublimate, — De- 
tection of Mercury. — Its Salts. — Amalgams, — ^Gtold.— 
Chloride of, — Purple of Cassius, — Palladium. — Pla- 
tinum. — Its Catalytic Effects, — -Platinum Black, — ^Irid- 
ium. — Rhodium. 

MERCURY. i/5' = 202. 

Mercury may be obtained from the bisulphuret (cin- 
nabar) by distillation with iron filings. It is also, to a 
certain extent, found native. 

The striking characteristic of mercury is its liquid condi- 
tion. Its melting point is the lowest of that of any of the 
metals, being — 39° F. Its specific gravity at 47° F. is 
13*545. It boils at 620° F. Kept at that temperature in 
the air for a length of time, it produces red oxide; bat 
at common temperatures it is not acted on by the air. It 
may be freed from impurities for the purposes of the lab- 
oratory, by being kept in contact with .dilute nitric acid. 
It gives the following compounds of interest : 

Protoxide of mercQiy .... HgO =210*013. 
Peroxide " .... HgO^ =r 218026. 

. HarCl = 237-42. 



Protochloride " 
Bichloride 
Protx>sulpbaret " 
Bisulphuret " 



. rigUl = 237-42. 
. IfyClt = 272-84. 

IfyS = J?181. 
. ligSt =234-2. 



The protoxide may be made by triturating calomel 
with potash water in a mortar. It is a black powder, 
which is decomposed by light or any of the reducing agents 
The peroxide maybe formed, as stated above, by the ac- 
tion of air on hot mercury, but more easily by dissolving 
mercury in nitric acid and evaporating and heating the 
salt until no more fumes of nitrous acid are evolved. It is 
a red powder, and when warmed becomes almost black, 
the color returning as the temperature descends. Like 
the former, it is a base, and yields a class of salts. 

The Protochloride f or Calomel, may be made by adding 
hydrochloric acid to the protonitrate of mercury, or by sub- 
Under what forms does mercury commonly occur? WTiat is the most 
striking property of this metal ? How may it be purified ? What are 
the properties of the protoxide and peroxide 7 What is calomel ? 
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I 



liming a mixture of bichloride of mercury and mercury. 
It is a white powder, insoluble in water, and darkens 
alowly by exposure to sunshine. The bichloride (or Cor- 
roiive Sublimate) is formed when mercury bums in chlo- 
rine gas, but more economically by sublimation from a 
mixture of persulphate of mercury and common salt. It 
is a heavy, white, crystalline body, soluble in water, has 
a metallic taste, and is poisonous. The antidote for it is 
albumen (the white of an egg). 

Of the sulphurets of mercury, the protosulphuret is 
black, and the bisulphuret commonly red ; in this case it 
passes in commerce under the name of vermilion, and is 
used as a paint. It can be obtained, however, quite black, 
a peculiarity already observed in the case of the perox- 
ide, and still more strikingly in the biniodide, which may 
bo sublimed in beautiful yellow crystals, which become 
of a splendid scarlet color by merely being touched. 

Mercury may be detected by being precipitated from 
its soluble combinations by metallic copper as a metal. 
Its salts, either alone or with carbonate of soda, heated in 
a tube, yield metallic mercury, which volatilizes. 

SALTS OF THE OXIDES OF MERCURY. 

Nitrates of the Oxides of Mercury, — When cold dilute 
nitric acid acts on mercury it gives rise to neutral or basic 
protosalts, as the acid or mercury is in excess ; if the acid 
be hot, a pemitrate forms ; these salts are decomposed by 
an excess of water, giving rise to basic compounds. The 
neutral pemitrate exists in solution ouly. 

Perstdphate of Mercury is formed by boiling sulphuric 
acid and mercury, and evaporating to dryness. It occurs 
in the form of a white granular mass, and is decomposed 
by water, giving a yellow precipitate, a subsulphate call- 
ed Turpeth Mineral, 

The alloys of mercury are called amalgams ; the amal- 
gam of tin is used for silvering looking-glasses, and that 
of zinc for exciting electrical machines. 

GOLD. Au = 199-2. 

Grold is found native, and may be obtained by washing 

What is corrosive sublimate ? What is the antidote to it ? For what 
Dorpose is the bisulphuret employed ? What change occurs to the yel- 
low Dimodide when it is touched ? How may mercury be detected 7 How 
■re tihe protonitrate and the persulphate prepared? Under what forms 
does gold occur ? 
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or by amalgamation with mercury. It may be purified 
irom silver by quartation ; that is, fusing it with three 
times its weight of silver, and then acting on the mass 
with nitric acid. The gold is left as a dark powder. 

From all other metals gold is distinguished by its yel- 
low color. Its specific gravity is 19-3. It melts at 2016° 
F. It is the most malleable of all the metals, as is proved 
by gold-leaf, which may be obtained 2 TTrVtrir ^^^^ ^^ thick- 
ness ; is not acted upon by the air or oxygen. Objects 
of art covered with it have retained their brilliancy for 
thousands of years. No acid alone dissolves it ; but it is 
soluble in aqua regia, and also by chlorine. 

It can, however, be made to yield two oxides, a pro- 
toxide and a teroxide ; and two chlorides having the same 
constitution ; the terchloride is formed by the action of 
nitromuriatic acid (aqua regia) on gold. When evapora- 
ted, it yields red, deliquescent crystals. DeoxydiziDg 
agents, such as protosulphate of iron, reduce it to the me- 
tallic state ; this is probably due to their decomposing 
water and presenting hydrogen to the chloride. Hydro- 
gen gas decomposes the terchloride, and, by healing it, it 
first changes into the protochloride and then into metallic 
gold. With a solution of tin it forms the Purple of Cas- 
sius. This and the action of protosulphate of iron serve 
as a test for it. 

PALLADIUM. P<2 = 53-3. 

Palladium is found associated with platinum, and is 
best obtained from the cyanide of palladium by ignition. 
It is a white metal, requiring a high temperature for fu- 
sion ; specific gravity 11*5. It does not tarnish in the air, 
is dissolved by nitric acid and aqua regia, is one of the 
welding metals, and, when heated, acquires a purple oxy- 
dation like watch spring. It is used to some extent by 
dentists. Its compounds are not of importance. 

PLATINUM. i^ = 98-84. 

Platinum is found native, but always associated with 
other metals. It is obtained by first forming a chloride 
of platinum and ammonium ; this, when ignited, leaves 

What is quartation? What are the properties of this metal? How 
many oxides does it yield ? How is the terchloride prepared ? What ia 
the purple of Cassius ? With what metal is palladium generally associ- 
ated ? What are its properties ? Wliat superficial c^ct takes plac« 
when it is heated in the air ? How is platinum obtained fwm its ores ? 
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pure spongy platinum, which being exposed to powerful 
presaure, and then alternately made white hot and ham- 
mered, becomes a solid mass. 

Platinum is a white metal. Its specific gravity is very 
high, being 21*5. It can not be melted in a furnace, but 
fuses before the oxyhydrogen blow-pipe. It is a welding 
metal, and on this fact its preparation depends. It is very 
malleable and ductile, is not acted upon by oxygen, air, 
or any acid alone, but dissolves in aqua regia. It pos- 
sesses the extraordinary property of causing hydrogen 
and oxygen to unite at common temperatures, an effect 
which takes place with remarkable energy when the 
metal is in a spongy state. A jet of hydrogen falling 
upon spongy platina in the air makes it red hot, and pres- 
ently i^ter the gas takes fire. It also brings about the 
rapid transfonnation of alcohol into acetic acid, and va- 
rious other chemical changes. 

If a quantity of ether be poured into ^^s- 268. 

a glass jar, Fig. 268, and a coil of pla- 
tinum vdre, recently ignited, be intro- 
duced, the metal continues to glow so 
long as any ether is present. 

Platinum is invaluable to the chem- 
ist. It furnishes a variety of imple- 
ments of gi'eat value, and is met with 
under the forms of crucibles, tubes, 
wire, foil, &c. 

Platinum Black is prepared by slow- '>^ 
ly heating to 212^ a solution of chlo- " ~ 

ride of platinum, to which an excess of carbonate of soda 
and some sugar have been added. It is a dark powder, 
and possesses the property of determining a variety of 
chemical changes with much more energy than platinum 
in mass. 

Platinum can be caused to yield two oxides, which are 
not of any importance ; and two analogous chlorides, of 
wiiich the bichloride, which is the common platinum salt, 
is made by dissolving the metal in nitromuriatic acid, 

Wiiat is the specific gravity of this metal ? By what acid may it be 
dissolved T What remarkable relations does it ]pos8ess to hydrogen gas ? 
Under its inflaence, what is alcohol traosmated mto 1 What is platinum 
Uack? 

Cc2 
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and eyaporating to a simp. It ia soluble in water and 
alcohol, and is lued for detectiDg the salts of potasL 

I&miUH. Ir = 98-84. 

Iridium is associated with platinum. It is said to have 
been found of specific gravity 26*00. Dr. Hare has ob- 
tained it 21*8 ; it is, therefore, the heaviest of the metak 
Its name is derived from the different colors (iris) of its 
compounds. 

ILHODIU2I. 12 = 52^ 

Like the former metal, rhodium is associated with the 
platina ores. It is a hard white metal ; its specific grav- 
ity is 11*00, and is sometimes used to form tips to metal- 
lic pens. 

What are the properties of iridiom? What are those of liiodiiinif 



PART IV. 

ORGANIC CHEMISTRY. 



LECTURE LXVII. 



Peculiarities of Organic Bodies, — Their Constituent EU" 
tnents. — Prone to Decomposition. — Carbon always Pres- 
ent, — Compound Radicals. — Doctrine of Substitution.-^ 
Types, — Action of Heat, — Eremacausis, — Propagation 
qfl)ecay, — Action of Acids and Alkalies, 

The theory of molecular arrangement, which has been 
already given, forms the foundation of organic chemistry. 
It asserts that the characters of compound bodies do not 
alone depend on the nature of their constituent elements, 
nor even on the relative amount of those elements ; but 
that variation of physical forms may result from atoms of 
the same name and of the same number arranging them- 
selves in subordinate groups, which groups then unite 
with each other. 

The leading ultimate elements of organized bodies are 
carbon, hydrogen, nitrogen, and oxygen. Almost all or- 
ganic bodies arise from variations in the number and 
grouping of identical elements. 

Now a partial consideration of the conditions under 
which the theory of molecular arrangement acts, exhibits 
to us a most striking difference in the nature of the com- 
pounds formed upon its principles and the compounds 
neretofore described as examples of inorganic chemistry. 
In the one, peculiarity of grouping is the grand feature ; 
in the other, the character of the combining elements. 
Urea differs from the cyanate of ammonia in the arrange- 
ment of its constituents only ; but the leading mark of dis- 
tinction between sulphuric and phosphoric acids is, that 
the one contains sulphur and the other phosphorus. 

The number of substances which, besides the four men- 
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tioned above, enter into the composition of organic bodies 
is very limited. Among sucb may be mentioned potash, 
soda, lime, magnesia, oxide of iron, chlorine, fluorine, sul- 
phur, phosphorus, and silica. Some of those bodies, such 
as alumina, which appear to take the lead in inorganic 
productions, are here scarcely seen. 

While the laws of inorganic chemistry appear to be 
fully in operation as respects the bodies on the study of 
which we are now entering, there are some peculiarities 
which deserve to bo pointed out. The remarkable insta- 
bility, or proneness to decomposition, which so many of 
them exhibit, generally tends to the production of second- 
ary compounds of a much more stable nature. At a red-heat 
all organized bodies are decomposed ; and as the ele- 
ments of which they consist are endowed with the most 
energetic affinities, any extensive elevation of tempera- 
ture tends to impress upon them a change. With but few 
exceptions, the attempts which have hitherto been made 
to produce them artificially have been abortive ; but this is, 
probably, rather due to our want of knowledge than any 
nitrinsic impossibility in effecting such combinations. 

With the exception of a few bodies, such as ammonia, 
which, in point of fact, belong rather to inorganic chem- 
istry, all organized bodies contain carbon. Of late, by in- 
direct processes, chemists have succeeded in obtaining 
pseudo- organized compounds, into the constitution of 
which such bodies as platinum and arsenic enter. 

In inorganic chemistry we see a constant disposition to 
the binary form of union : a disposition which is well rep- 
resented by the electro-chemical theory. Thus, potassi- 
um unites with oxygen, two bodies together, to form pot- 
ash ; and this, again, with sulphuric acid, two bodies to- 
gether, to form sulphate of potash. In very many instan- 
ces, the same thing can be traced in organic chemistry; 
only here, instead of having such bodies as chlorine or 
iodine, potassium or sodium to deal with, we find com- 
pound bodies which discharge analogous functions. These 
bodies go under the name of compound radicals. They 
may be divided into distinct groups, some dischai'ging the 

What other elements are found among inorganic bodies ? In their de- 
composition, what do tiiey generally produce 7 Can any of thei^i with- 
stand a red heat? Can they be formed by artificial means T What is 
meant by compound radicals 7 
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luty of electro-negative, some of electro-positive, and 
tome of indifferent bodies. In several cases they have 
been insulated, but in others they remain as yet as ideal 
X hypothetical bodies. 

Talle of Compound Radicals. 



Amidogen. 


Iridiocyauogcn. 


Acctvlc. 


Ozalyle. 
Cyanogen. 


Suli>}ioc>'anogcii. 
Melloue. 


Kakoilvle. 
Motljyle. 


Ferrocyaoogcn. 


Uryle. 


Fonuyle. 


Ferridcyanogen. 


Beuzyle. 


Cctyle. 


Cobaltoc3raDogeD. 


Salicyle. 


Amyle. 


ChromocyaDogOQ. 


Ciunamyle. 


Glyceryle. 


Platiiiot^yanou^en. 


Ethvle. 





The qualities of bodies depending as much on the mode 
of arrangement of their constituent particles as on tlie 
chemical nature of those particles, it has been found con- 
venient to arrange them in groups, according to their 
type of structure; thus, for instance, in the former de- 
nurtment of chemistry, such bodies as hydrochloric, hy- 
oriodic, hydrobromic acids may be arranged together as 
belonging to one type ; and from the first of these all the 
lest may be conceived as arising, by substituting an atom 
of iodine, bromine, fluorine, &c., for the atom of chlorine 
which it contains. 

The bodies which can thus be substituted for each 
other appear to have certain relationships ; for the sub- 
stitation of a given substance can not take place indiscrim- 
inately by all other bodies. As a general rule, in inor- 
ganio combinations, electro-negative bodies can only be 
substituted by electro-negative, and electro-positive by 
dectro-positive. But many of the most prominent cases 
in organic chemistry are precisely the reverse. In them, 
for example, we find chlorine, a powerful electro-nega- 
tive, taking the place of hydrogen, an equally powerful 
electro-positive body, and, in the compound, discharging 
all its functions. For these reasons, it has been supposed 
diat the electro-chemical theory fails to furnish any ex- 
planation; but I have proved that chlorine, like many 
other bodies, can assume different allotropic states ; at one 
time being an active electro-negative body, and at an- 
other quite passive. Moreover, it ought not to be for- 



What oompoand radicals are known ? Under what circumstances can 
bodies be ■aMtitated for each other 7 Is there any difference in this re- 
spect between inorganic and organic bodies 7 
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gotten that bydrogen, in relation to carbon, is as mucb ni 
electro-negative body as chlorine itself. 

A chemical type is, therefore, a system, or group of 
atoms of a certain number, arranged in a certain relation- 
ship \vith each other. From this each atom may be dis- 
placed, and one of another kind substituted in its stead; 
and this may be carried forward until not one of the orig- 
inal atoms is left, the new group officiating in all respects 
like its predecessor. But should one of the atoms be 
displacedi and no new one substituted for it, then, the re- 
maining atoms changing their position, the type is broken 
up and a new one is the result. 

Organic compounds, being for the most part composed 
of carbon, hydrogen, nitrogen, and oxygen, exhibit a con- 
stant tendency to break up into subordinate groups, and 
eventually to give rise to the production of the simpler 
binary bodies, carbonic acid, water, and ammonia. The 
carbon constantly inclines to unite with oxygen to form 
carbonic acid, the hydrogen, in the same manner, to form 
water, or, with the nitrogen, to produce ammonia; and 
these tendencies may be satisfied in a variety of ways. 
Elevations of temperature in the open air at once give 
rise to carbonic acid, water, and free nitrogen ; or it m 
close vessels out of the contact of air, to an extensive se- 
ries of compounds, differing in each case with the sub- 
stance exposed, and of a less complex constitution. Even 
in the air, at common temperatures, a slow action often 

foes on, as in the decay of wood or the souring of wine; 
ence called eremacausis (slow combustion). 
When a combustible substance is ignited in the air at 
one point, the burning presently spreads throughout the 
whole mass; and in the slow combustion, eremacausis, 
the same takes place. A substance undergoing such a 
change, if placed in contact with another capable of un- 
dergoing it, propagates its effect throughout the whole 
mass. For this reason, the decay of yeast, a ferment, im- 
presses a metamorphosis on sugar, compelling it to give 
off carbonic acid gas ; and putrefaction of fresh meat is eas- 
ily brought on by the contact of putrid animal matter. 

What is a chemical type ? Under what circamstances do new typef 
result ? What arc the b'inary bodies eventually produced ? What if ^ 
result of elevation of temperature in die open air 7 What in close vesseli ^ i 
"What is meant by eremacausis 1 In wn»!b Te^^^ecX &o«« vraoACUfif n* \ 
semble common ix>n)bu8tion ? 
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Nitric, sulphuric, and other strong acids impress striking 
cbanees when heated with organic matters ; thus, when 
die former acts on starch, oxalic acid is formed; when 
ralphuric acid acts on oxalic, it totally destroys it, resolv- 
ing it into carbonic acid, carbonic oxide, and water. In 
tbe same manner, also, basic bodies produce striking chang- 
es, 'generally giving rise to the production of acids, and the 
erolution d hydrogen and ammonia. 

In the present state of organic chemistry, it is impos- 
sible to present a perfect system of arrangement, as in in- 
organic chemistry, or one approaching to the finish of that 
department. The course, therefore, which I shall now 
take is recommended rather for its usefulness in facilita- 
ting study than for the propriety of its classification. 



LECTURE LXVIII. 

The Non-nitrogenized Bodies. — The Starch Group. — 
Starch. — Action of Iodine. — Various Forms of Starch. 
— Production of Dextrine. — Action of Diastase. — Leio- 
come. — Cane Sugar. — Glucose. — Distinction between 
Cane and Chape Sttgar. — Milk Sugar, — Chim. — Lig 
nine. 

The non-nitrogenized bodies, which we shall first con- 
sider, are characterized by the peculiarity that they form 
a group, each member containing twelve atoms of carbon, 
united with hydrogen and oxygen in the proportions to 
form water. They ai*e for the most part indifterent bod- 
ies. 

The Starch Group. 

Starch CnHioOio. 

Cane sugar (crystallized) . . . CuHiiOn. 

Grape sugar Cx^HiaOu. 

Milk sugar Ci^HiqOh. 

Gum CnHnOn, 

Lignine Ci^Hs Ok 

dec. &c. 

Starch — Fecula (Ci^HioOio) — is found abundantly in the 

vegetable kingdom, and may be obtained from potatoes 

^•^""^ ' -~~~~~ 

What is the effect of strong acids and alkalies on organic bodies ? How 
liuuay carbon atoms does each member of the amyle group contain 7 In 
^rfaatTKOpbrtion are their oxygen and hydrogen? Mention some of the 
cldef Dodiea of thii gnmp. Trom what BODiceB, and in 'wYiaX ukaxsnec, Sa 
mtanb obUuned T 
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by rasping and washing the mass upon a sieve, the starch 
being carried off by the water. It may also be obtained 
from flour by making it into a paste with water and then 
washing it. The starch separates, and gluten is left be- 
hind. 

It is a white substance, commonly met with in irregu- 
lar prismatic masses, which shape it assumes while drying. 
It is insoluble in cold water, and also in alcohol, and con- 
sists of granules of different sizes, as it is derived from 
different plants, those of the potato being about the two 
hundred and fiftieth of an inch in diameter. 

When starch is heated in water, the covering mem- 
brane of each granule bursts open, and the interior matter 
dissolves out. If the proportion of starch be considerable, 
the whole forms a jelly-like mass, which may be dried in 
a yellowish body, having the same constitution as starch 
itself. Gelatinous starch passes under the name of Ami- 
dine. 

With free iodine, starch strikes a deep blue color. 
When water containing this compound is heated to 212^ 
*F., the color totally disappears, and is not restored on cool- 
ing ; but if the source of heat be removed as soon as the 
color disappears, and before the temperature reaches 212^ 
F., the color returns. Starch and iodine constitute an ex- 
ceedingly delicate test for each other. 

In commerce, starch is found under various modifica- 
tions, such as Arrow-root, Tapioca, Cassava, Sago, It 
forms an important article of respiratory food. Intdifie, 
which is derived from the dahlia and other plants, is a sub- 
stance approaching starch in many respects. 

When starch is boiled in water with a small quantity of 
sulphuric acid, it changes into X)€2;^nne, a substance of the 
same composition ; the acid being subsequently removed 
by carbonate of Hme and filtration, that body is procured 
on evaporation as a gummy mass. But if the ebullition 
be continued for a longer time, the dextiine disappears 
and grape sugar comes in its stead. Starch may also be 
converted into grape sugar by the action of a peculiar 
ferment. Diastase, which is contained in an infusion of 

What is the size of its granules ? What is the effect of hot water on 
it ? Wliat is amidiiic ? What is the action of iodine on starch ? Mention 
sonio other varieties of starch. How is it converted into dextrine t How 
irjto {p*npe sugar? What is diastase ? 
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malt. Gelatinous starch may, in the course of a few min- 
utes, at 160° F., be converted into dextrine by this sub- 
stance, and soon after into sugar. In either of these cases 
the presence of atmospheric air is not required ; the final 
action being that the starch simply assumes three atoms of 
water, and becomes converted into grape sugar. 

When baked at a temperature of about 400^ F., starch 
becomes soluble in water, and passes in commerce under 
the neune of British Chim, or Lcioconie. 

Cane Stigar {C^2H^O^-\-2HO) is found abundantly in 
the juices of many plants, and is chiefly extracted for com- 
mercial purposes from the sugar-cane, which, being crushed 
between rollers, yields a juice, which is mixed with lime 
and boiled ; a coagulum having been removed from it, it 
is rapidly evaporated at as low a temperature as possible, 
%nd then crystallized. In this state, after a brownish sir- 
up, molasses, has drained from it, it passes in commerce im- 
der the name of Muscovado, or brown sugai\ This is pu- 
rified by boiling in water with albumen, which, coagulat- 
ing, separates many of the impurities ; the solution is then 
decolorized by animal charcoal, evaporated, solidified in 
conical vessels, and, being washed with a little clean sirup, 
is thrown into commerce as loaf-sugar. Sugar is also ob- 
tained from the sap of the maple-tree, and from beet-root. 

From a strong solution sugar crystallizes in rhombic 
prisms, which are colorless ; they pass under the name of 
Sugar Candy. It is soluble in one third its weight of cold 
water, and in any quantity of hot. It has a sweet and 
proverbially characteristic taste. When heated, it melts, 
and gives rise to a yellowish, transparent body, called 
Barley Sugar, But if kept at a temperature of 630° F., 
it tarns of a reddish-brown color, constituting Caramd. 
Sugar unites with various bodies, such as lime and oxide 
of lead, and with common salt yields a crystallized prod- 
uct. By caseine it is transformed into lactic acid. 

Qrape Sugar — Fruit Sugar — Glucose — Starch Sugar 
^-^Diabetic Sugar (CigiJuOn) — is the substance just de- 
scribed as arising from the transmutation of starch under 
the influence of acids. It occurs naturally in many vege- 
table juices and in honey. 



What Ib it« action on starch? How is British ^am formed? .From 
what loaroet, and ly what means, is cane sugar derived 7 What are its 
im^evtiea f By what means is caramel finrmed f 

D D 
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Compared with cane sugar, it is much less soluble in 
water, and less disposed to crystallize. It requires 1^ 
parts of water for solution. It may be distinguished by 
Its action with caustic alkalies and sulphuric acid, the form- 
er turning it brown and the latter dissolving it without 
blackening, while cane sugar is little acted on in the fonn- 
er instance, and blackened in the latter. The two vari- 
eties may also be distinguished by being mixed with a so- 
lution of sulphate of copper, to which, if caustic potash be 
added, blue liquids are obtained, and these being heated, 
the grape sugar throws down a green precipitate, which 
turns deep red, the solution being left colorless : the cane 
sugar alters very slowly, a red precipitate gradually form- 
ing, and the liquid remaining blue. Grape sugar, like 
cane sugar, gives with common salt a crystallized com- 
pound. When heated to 212° F. it loses two atoms oj 
water, and becomes CigjEfiaOij. 

Milk Stigar — Lactine (C^^HnOi^ — may be obtained 
by evaporating whey to a sirup, and the crystals which 
then form are to be purified by animal charcoal. It is 
sparingly soluble, requiring five or six times its weight of 
water. The crystals are gritty between the teeth. It is 
through the alcoholic fermentation of this body that the 
Tartars procure intoxicating milk. 

Besides the foregoing, there are several subordinate 
varieties of sugar, among which may be cited 

Ergot sugar CitHi^Ou ; 

Eacalyptos sugar Ci3^i40i4 ; 

and others, as liquorice sugar, mushroom sugar, or man- 
nite, &c. 

Gum. — Ghim Arabic is obtained from several species of 
the mimosa or acacia, from the bark of which it exudes; 
is obtained in white or yellowish tears, of a vitreous as- 
pect. It dissolves in cold water, forming mucilage, from 
which it may be precipitated pure, as Arabine, by alcohol 

Bassorine is the principle of Crum Tragacantk; it does 
not dissolve in water, but merely forms a jelly-like mass. 
With this substance should be classed Pectine, the jelly 
obtained from currants and other fruits. This substance 
furnishes Pectic acid by the action of bases. 

What is the difference between cane and grape §ag9x1 By what teit 
may they be distinguished ? What are the properties of milk lugarf 
Mention some other varieties of sugar. From what aoarce if gam ^ 
riyed ? What are arabine, basiorine, and pectine f 
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LrairiNE. — This substance, with Cellulose and other bod- 
ies, fonQB the woody fibre or ligneous tissue of plants. It 
occurs in a state of purity in the fibres of fine linen and 
cotton, and, as is well known, is of perfect whiteness, in- 
soluble in water and alcohol, and tasteless. Strong and 
cold sulphuric acid converts it into a dextrine, as may be 
shown by adding to that substance pieces of linen, tsJking 
care that the temperature does not rise so as to blacken 
the mij^ture, which is to be well stirred, and suffered to 
stand for a time. On dissolving it then in water, and 
neutralizing by the addition of chalk, dextrine is obtained ; 
or if, before neutralizing, the solution is well boiled, grape 
sugar is produced. 



LECTURE LXIX. 

Action op Agents on the Starch Group. — Action of 
Sulphuric Acid on Sugar, — Glucic Acid produced by 
Lime. — Melassic Acid, — Action of Nitric Acid, — Pro- 
duction of Oxalic Acid, — Constitution of Oxalic Acid. — 
Its Salts, — Oxamide, — Saccharic Acid. — Rhodizonic 
and Croconic Adds. — Mucic Acid. — Xyloidine, — Its 
Properties. 

In the preceding Lecture we have already explained 
the change of starch into sugar, and of lignine into dex- 
trine, under the influence of sulphuric acid ; and in the 
vegetable world there can be no doubt that these and 
other similar modifications arise from the action of many 
causes* On inspecting the constitution of the group, it 
will be seen that, in theory, this is to be done by the ad- 
dition or abstraction of water. 

When melted grape sugar is mixed with strong sul- 
phuric acid, and the diluted solution neutralized with car- 
i>onate of baryta, the sulphosaccharate of baryta is found 
in the solution. The Sulphosaccharic acid is a sweetish 
liquid, readily decomposing into sugar and sulphuric acid- 

When, in the process of converting cane sugar into 

How may lignine be prepared? When pore, what is it« color, and 
what ill relation to water ? How may it be converted into dextrine and 
gmpe fiigar t In this change, what is the action impressed Qp ^e lignine ? 
How is siilphosaocharic acid made ? 
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grape sugar by boiling with sulpburic acid, tbe acdon is 
long continued, a dark-colored substance is formed, con- 
sisting of two different bodies, Ulmine and Ulmic Acid, or, 
as tbey are termed by Liebig, Sdcchfdmine and Sacchulndc 
Acid, The latter is converted into the former by contin- 
ued boiling in water. 

When a solution of grape sugar containing lime is kept 
for some time, the alkaline reaction of the lime finally 
disappears through the formation of Glucic Acid^ the con- 
stitution of which is C^HsO^. It is soluble, deliquescent, 
of a sour taste, and yielding, for the most part, soluble 
salts. If grape sugar be boiled with potash water until it 
becomes black, a dark substance may be precipitated by 
an acid. This is Melasinic Acid, its constitution being 

These are some of the less important results of the 
action of acid and alkaline bodies on the starch group ; 
there are others of far more interest. 

Oxalic Acid ( C3O3, HO+2Aq). — Oxalic acid is formed 
by the action of nitric acid on starch or sug^r, or any other 
of the starch group, except gum and sugar of milk. One 
part of sugar is to be mixed with five of -nitric acid, di- 
luted with twice its weight of water, and the acid finally 
distilled off until the residue will deposit crystals on cool- 
ing. These, being collected, are to be purified by redis- 
solving and crystallizing. They are oblique rhombic 
prisms, more soluble in hot than cold water, of an in- 
tensely acid taste, and poisonous to the animal economy, 
chalk or magnesia being the antidote. Oxalic acid also 
occurs naturally in several plants, in union with potash 
or lime. 

As the foregoing formula shows, the crystals of oxalic 
acid contain one equivalent of saline water and two of 
water of crystallization. The latter may be removed by 
exposure to a low heat, the crystals then becoming a 
white powder, and subliming without difficulty. Any at- 
tempt to remove the saline water and isolate the oxalic 
acid (as QOg) leads to its decomposition. Thus, when 
the acid is heated with oil of vitriol, total decomposition 



What are sacchulmine and sacchulmic acid ? What is the oonstitatioin 
of glacic acid ? What is the action of potash on grape sugar 7 Desoribe 
the preparation of oxalic acid. What is the antidote to it? What iM 
fhe action of oil of vitriol on oxaUc acid ? 
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leniltB ; equal Tolames of carbonic oxide and carbonic 
acid are set free : for the constitution of oxalic acid is 
such, that we may regard it as composed of an atom of 
each of those bodies : 

C,03... = ...C0, + CO; 
and upon this is founded one of the methods of preparing 
carbonic oxide gas. The gaseous mixture which results 
from the action of the oil of vitriol is passed, as in Fig, 
243, through a bottle containing potash water, which ab- 
sorbs the carbonic acid, and the carbonic oxide may be 
collected at the water trough. 

The production of oxalic acid from su^r by nitric acid 
is due to the replacement of hydrogen by an equivalent 
quantity of oxygen. 

that is, one atom of dry sugar with eighteen of oxygen 
yields six atoms of oxalic acid and nine of water. 

Salts of Oxalic Acid, 

There are three potash salts : 1st. Neutral Oxalate of 
Potash, made by neutralizing oxalic acid with carbonate 
of potash ; crystallizes in rhombic prisms, soluble in three 
times its weight of water. 2d. Binoxalate of Potash, made 
by dividing a solution of oxalic acid into two parts ; neu- 
tralize one with carbonate of potash, and then add the 
other. It crystallizes in rhombic prisms, has a sour taste, 
and dissolves in forty parts of water. It occurs naturally in 
several plants, as the Oxalis Acctosella, 3d. Quadroxalate 
of Potash. Divide a solution of oxalic acid into four parts ; 
neutralize one and add the rest. It crystallizes in octa- 
hedrons ; less soluble than either of the foregoing. These 
salts are sometimes used for the removal of ink stains 
from linen. 

Oxalate of Ammonia, prepared by neutralizing a hot 
solution of oxalic acid with carbonate of ammonia. It crys- 
tallizes in rhombic prisms, which are efflorescent. Its so- 
lution is used, as has been already stated, as a test and 
precipitant of lime. When exposed to heat in a retort, it 
IS, for the most part, decomposed into water, ammonia. 



Bow is tfcui acid produced from angar ? How many oxalatea of potash 
wn there T How are they prepared? For what purpose are these salts 
Mmetimes used? 

Dd2 
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carbonic acid, cyanogen, and other compounds ; but a sub- 
ftance of the name of Oxamide also sublimes, the consti- 
tution of which is 

CIZ, JVO,. . . = ... iVS, + 2{CO), 

that is, containing the constituents of one atom of amido- 
gen and two of carbonic oxide. This remarkable sub- 
stance, when boiled with potash, yields, through the de- 
composition of water, oxalate of potash and ammoniacal 
gas. 

Oxalate of Lime occurs naturally, forming the skeleton 
of many lichens, and is obtained, as has just been said, by 
precipitating a lime salt. It is soluble in nitric acid, and. 
Ignited in a covered crucible, is converted into carbonate 
of lime. 

Saccharic Acid (Ci^HiOn + 5HO) — Oxalhydric Acid 
— may be made by heating one part of sugar with two 
of nitric acid, diluted with live times its weight of water. 
The resulting liquid is to be diluted, neutralized with 
chalk, and filtered. A solution of acetate of lead throws 
down a precipitate of saccharate of lead, from which the 
acid may be set free by sulphureted hydrogen. It may 
be obtained by evaporation m colorless needles, yields a 
soluble salt with lime, and with nitrate of silver ; when am- 
monia is added, gives a white precipitate, which, on be- 
ing warmed, is suddenly reduced, the vessel acquiring a 
mirror-like coating of metallic silver. It is a pentabasic 
acid. 

Rhodizonic Acid (O7O7 + SHO). — ^A stream of car- 
bonic oxide being passed over red-hot potassium, a dark 
substance results, which dissolves in water, producing a 
red solution of the rhodizonate of potash. The acid itself 
has not yet been isolated, but the potash salt contains three 
atoms of base, and the acid is tribasic. When boiled, it 
changes to a yellow color ; Croconic Acid is* generated, 
which can be insulated as a yellow body, having the con- 
stitution CO, + HO. 

Mucic Acid {C,^II^0,,-\- 2H0). — This acid arises 
when gum or sugar of milk is acted upon by dilute nitric 

• ^5<^®r^^^at circumstances does oxamide form ? What is its constita- 
bon" How is saccharic acid made? Under what cirtmmstaikces ctn 
riass be silvered witli it? How is the rhodizonate of potash fbnoed? 
What IS ita composition ? How is it chanffed into crooonic acid ? Under 
miat oucumBtanoeB does mucic acid form? 
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wddf as in the preparation of oxalic acid by other mem- 
bers of the starch group. It separates as a white insolu- 
ble body. It forms salts with bases, and requires sixty 
times its weight of boiling water for solution. Decom- 
posed by heat, it yields pyromucic acid. 

Xtloidine (CqH^O^, NO5) is made by the action of ni- 
tric acid, specific gravity 1*5, on starch, which is convert- 
ed into a gelatinous body. When acted on by water it 
yields a white insoluble precipitate, the substance in ques- 
tion. Its origin is apparent from a comparison of the form- 
ula of xyloidine with that of starch. Paper, when dipped 
in nitric acid, and then washed in water, turns into this 
substance. It looks like parchment, and is combustible 
like tinder. Xyloidine is insoluble in boiling water, but 
by the continued action of nitric acid changes into oxalic 
acid. 



LECTURE LXX. 

On the Metamorphosis op the Starch Group by Ni- 
TROGENiZED Ferments. — Action of Leaven, — Bread.-^ 
Fermentation of Sugar, — Fermentation of Grape Juice.-^- 
Primary Action on the Ferment. — Activity of Ferments 
due to Nitrogen, — Effects of Temperature, — Production of 
Butyric Add, — Ferments of d^erent Properties. — PrO' 
duction of Wine and intoxicating Liquids, 

In the preceding Lecture we have traced the action 
of the more powerful inorganic agents on the amyles, and 
seen how a variety of bodies of different characters arise, 
some of which, as oxalic acid, are of very considerable 
importance. 

But there is another system of changes which can be 
impressed on this group of bodies, far more curious in its 
nature, and leading to far more important results. 

When flour, made into a paste with water, is brought 
in contact with Leaven, that is to say, a similar dough, un- 
dergoing an incipient putrefactive fermentation, at a tem- 
perature of 60^ or 70^ F., bubbles of gas are disengaged, 

Deoon^Kwed by heat, what does mocic acid ^rield ? How is xykndine 
vreptfed, and what are its properties 1 What is the actum of leaven on 
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the paste swells up, and, when baked, forms leavened 
bread. This ancient process, which is now in use all over 
the world, depends on the action of the changing leaven 
being propagated to the sugar which the flour contaiiis. 
The sugar is resolved into alcohol and carbonic acid gas, 
the former of which may be obtained by distilling the 
dough ; and the bubbles of the latter, entrapped in the 
yielding mass, gives to the bread the lightness for which 
it is prized. 

But this process may be better traced by observing 
the phenomena of alcoholic fermentation in the case of 
pure sugar. If we take a solution of sugar in water, it 
may be kept for a length of time without undergoing any 
change ; but if nitrogenized matters, such as blood, albu- 
men, leaven, in a state of putrescent decay, are mixed 
with it, then, at a temperature of 70^ F., the sugar rapidly 
disappears, carbonic acid is given off, and alcohol is found 
in the solution. The change is obvious. 

that is, one atom of dry grape sugar yields two of alco- 
hol and four of carbonic acid. The final action, there- 
fore, of the ferment is to split the sugar atom into carbon- 
ic a.cid and alcohol. 

Of all ferments. Yeasty for these purposes, is the most 
powerful ; it is a substance which arises during the fer- 
mentation of beer. It is probable that, in the various 
sugars, the first action is to bring them into the condition 
of grape sug^, and then the metamorphosis ensues. 

By an analogous transformation of the sugar contained 
in fruits, tlie different wines and other intoxicating liquids 
are formed ; thus, if we take the expressed juice of grapes 
which has not been exposed to the contact of air, it may 
be kept for a length of time without change ; but if a sin- 
gle bubble of oxygen is admitted to it, fermentation at 
once sets in, the grape sugar disappears, and alcohol 
comes in its stead, carbonic acid gas being disengaged, 
and the nitrogenized substance, yeast, deposited. If a so- 
lution of pure sugar be added, it is involved in the change, 
and portion afler portion will disappear; but, finally, Uie 

What is the action of decaying nitrogenized matteron aoolntion ofragar ? 
Into whaj bodies does the sugar atom spKt t What is the action of yeast 
on sugar 7 Deaoribe the actkm of yeast on grape juice. 
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yeast itself is exhausted, and then any excess of sugar re- 
mains unacted upon. 

It is obvious that the primary action is an oxydation 
of the ferment, and the moment its particles are set in 
motion the motion is propagated to the adjacent body, 
the particles of which submit in succession ; and there- 
fin^ the fermentation is not a sudden action, but one re- 
quiring time. Moreover, it is plain that the action is lim- 
ited ; a given quantity of yeast will transmute only a defi- 
nite quantity of sugar. 

The ferments, or bodies which possess this singular 
quality, are nitrogenized bodies ; and, inasmuch as non- 
nitrogenized bodies never spontaneously ferment while 
oxydizing, it is to the nitrogen that we are to impute the 
qualities in question. 

Temperature has a remarkable control over ferment 
action. The juice of caiTots or beets, fermenting at 50^ 
Fahr., will yield alcohol, carbonic acid, and yeast; but 
the same juices, fermenting at 120^ Fahr., produce lactic 
acid, gum, and mannite. Under these circumstances, 
therefore, alcohol is the product of fermentation at low, 
and lactic acid at high temperatures. 

But when milk ferments at 50^ Fahr., lactic acid is the 
chief product, while at 80° Fahr. the casein acts like a 
yeast ferment, the milk sugar becoming transformed into 
grape sugar, and then resolving itself into alcohol and 
carbonic acid. In this instance the action is the reverse 
of the former, lactic acid being the product of a low, and 
alcohol of a high temperature. 

A very remarkable decomposition takes place when 
casein ferment acts on sugar at 80° Fahr. in presence of 
carbonate of lime. Under these circumstances, carbonic 
acid gas and hydrogen are evolved, and Butyric Acid ap- 
pears. On comparing the constitution of butyric acid 
with alcohol, it will be seen that the latter contains the 
elements of the former, with an excess of hydrogen ; so 
that, during this fermentation, the alcohol atom is divided. 

All ferments possess certain properties in common, but 
each has its specific powers ; and the products which are 

What is the primary action in these cases ? Is the action of the fer- 
ment definite t To what element in the yeast is the action dae 7 What 
it the eflbct of temperature on fermentation ? Describe the causes of tlm 
bnoentation of vegetable joices and of milk ? Under what drcimiBtazices 
doe« butyric acid form 7 
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evolved differ in different cases. Most commoDly the ac- 
tivity of these bodies is excited by an incipient oxyda- 
tion, the result of which would be to bring the ferment 
itself to a simpler constitution. In this respect, therefore, 
the first stage of fermentation is a combustion at common 
temperatures, or an eremacausis of the ferment itself; 
but this action is speedily propagated to the surrounding 
mass, which becomes involved in the change. What- 
ever, therefore, prevents the incipient oxydation of the 
ferment puts a stop to the whole process. By raising 
their temperature to 212^, and then cutting off the access 
of air, substances which would otherwise undergo a very 
rapid change may be kept for any length of time without 
alteration. On this principle, meats, milk, and other viands 
may be preserved. 

We have now pointed out the peculiarities of ferment 
action, showing that two successive stages may be traced 
in the process; the first arising in the oxydation of the 
ferment, by which its molecules are decomposed ; and the 
second, which consists in the propagation of this move- 
ment to the surrounding particles, upon which changes 
are impressed, the nature of which differs with the tem- 
perature and the specific action of the ferment itself. 

Wine is made from4he expressed juice of grapes, which, 
containing a nitrogenized body, albumen, when exposed 
to the air undergoes spontaneous fermentation ; the course 
of the action being, 1st. The oxydation of the vegetable 
albumen ; 2d. The propagation of its action to the grape 
sugar. If the sugar is in excess, the wine remains sweet; 
if the albumen is in excess, the wine is dry. The wine, 
as soon as the first action is over, is removed into casks. 
During these changes, the bitartrate of potash, which 
exists naturally in grape juice, and which, though sparing- 
ly soluble in water, is much less so in alcohol, is deposit- 
ed. It goes under the name of Argol, Most other fruit 
juices contain free acid, such as malic or citric ; and hence 
good wine can not be made from them, because, if all the 
sugar is removed, they possess a sharp taste ; and if, as is 



What is the change which the ferment itself undergoes 7 What is the 
effect of catting off the access of air ? What are the two stages of fer- 
ment action 7 What is the process for the making of wine 7 Wnen is die 
wine sweet, and when dry 7 What is argol 7 Why are other fruit juices 
less proper for making wine than grape juice 7 
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.commonly the case, a portion is lef); to correct the acid- 
ity, it is liable to run into a second fermentation. 

Inferior liquids, such as cider, perry, &c., are made 
from other vegetable juices, as those of apples, pears, &c. 
Beer, porter, and ale are made from an infusion of malt, 
which is barley, a portion of the starch of which is trans- 
posed into sugai' by partial germination. The principles 
of the fermentation are, in sdl these instances, the same. 



LECTURE LXXI. 

On the Deriyatiyes of Fermentative Processes. — 
Alcohol. — Its Properties, — Exists in Wines, — Lactic 
Acid,^^Production and Properties, — Sulphuric Ether, 
— Its Distillation,''— The Ethyl e Series, — Chloride, — 
Bromide, — Nitrate, ^Tc.- — CEnanthic Ether, 

ALCOHOL {HydraUd Oxide of Ethyh) C^HeO^. 

By the distillation of wine, or any other fermented sac- 
charine juice, spirits of wine may be obtained. As first pre- 
pared, it contains a large quantity of water, which comes 
over with it. This product being rectified, and the first por- 
tion preserved, yields a spirit containing twelve to fifteen 
per cent, of water. By putting this into a retort with half 
Its weight of quicklime, keeping the mixture a few days, 
and then distilling at a low temperature, absolute or an- 
hydrous alcohol is obtained. 

Anhydrous alcohol is a colorless liquid of a burning 
taste and pleasant odor. Its specific gravity, at 60^ F., is 
0-795. It boils at 1730 F., and at a still lower point if slight- 
ly diluted with water, though the boiling point rises if the 
water be in greater proportion. It has not been yet fro- 
zen. The specific gravity, also, varies with the amount of 
water present; and hence the purity of spirits of wine 
may be determined by ascertaining its density. Alcohol 
is very inflammable, bums with a pale blue flame, vrith 
the producton of carbonic acid gas and water. It is much 
used in chemical investigations as furnishing a lamp flame 
free from smoke, and as possessing an extensive range of 

How is alcohol procured ? How may it be obtained anhydroas ? What 
are its properties ? How ma;^ the strength of spirits of wine be deter- 
mined f Tor what purposes is it used la chemistry 1 
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solvent powers, acting upon resins, oils, and other bodies, 
which are not acted upon by water. 

The strong wines, such as port and sherry, contain firom 
nineteen to twenty-five per cent, of alcohol ; the light 
wines from twelve per cent, upward ; and beer, porter, 
&c., from five to ten per cent. 

Lactic Acid Fermentation. — We have already seen that 
vegetable juices as well as milk will, under certain cir- 
cumstances of temperature, yield, during fermentadon, 
lactic acid instead of alcohol. This acid may, therefore, 
be made by dissolving a quantity of sugar of milk io milk, 
putting it in a warm place, and allowing it to turn soar 
spontaneously. A part of the caseine of the milk here acts 
as the ferment, and as lactic acid is set free, it coagulates 
the rest and makes it insoluble. By the addition of car- 
bonate of soda, to neutralize the acid, this is prevented, and 
the ferment resuming its activity, produces more lactic 
acid. Wlicn, by this process, all the sugar is exhausted, 
the liquid is boiled, filtered, evaporated to dryness, and 
the lactate of soda dissolved out by hot alcohol. From 
this alcoholic solution the acid may be obtained by pre- 
cipitating the soda by sulphuric acid. 

Lactic Acid ( 0(^11^0,,+ HO) is obtained as a sirupy solu- 
tion by concentrating in a vacuum over oil of vitiiol. It is 
colorless, has a specific gravity of 1-215, is very sour, and 
soluble in water and alcohol. It yields a complete series 
of salts, most of which are soluble. Among these salts, 
the must interesting are those of lime and of zinc. 

^THER-^Sulphuric Ether — Oxide of Ethyle (C^H^O). 
— Ether is prepared by distilling equal weights of alcohol 
and oil of vitriol, receiving the resulting vapor in a Lie- 
big's condenser, a d k c, ^s in Fig. 269, £he condenser be- 
ing cooled by water from the reservoir, i, flowing into the 
funnel, c, the waste passing into the vessel, ft, and the ether 
distilling into the bottle, e. The process is to be stopped 
as soon as the mixture begins to blacken. The first prod- 
uct may be rectified by redistillation from caustic potash. 

Ether is a colorless and limpid liquid, of a peculiar 
odor and hot taste. It boils at 96° F., and has not yet 

How much alcohol per cent, is contained in port, sherry, beer and ale T 
What is the process for obtaining lactic acid ? What is its conatitntion ? 
"What are its propcrtiei ? How is ether made ? What are the propcr- 
tiot of ether f 
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been frozen. Its specific gravity, at 60° F., ia -720. It 
Tolatilizea with rapidity, and therefore producee cold. It 
is combustible, and bums with the evolution of much more 
light than alcohol. The specific gravity of its vapor is 
2'586. With oxygen or atmospheric air it forms an es- 
plosive taixture, and, kept in contact with air, it becomes 
acid from the production of acetic acid. It clissolves in 
alcohol in all proportions, but ten parts of water are re- 
quired to dissolve one of it ; it also dissolves many fatty 
substances, and hence ia of considerable use in organic 
chemistry. 

Ether is regarded as the oxide of an ideal compound 
tadical, ethyle, 0,J7„ which gives rise to a series of other 
bodies. 



Bthvle, Clh 
Oxiaeofe.hy-- 
nydnted oxi. 
Chloride of ed 



The Ethylt Grot 



= Ae.B. 

= A<i,0 + ffOi. 
= Ae.O + NCh. 



The oxide of ethyle, as has just been stated, is ether it- 
self. The hydrated oxide is alcohol. 

Ii it »<*iWe in wstorl VThM claw ol bodieB doe> it diiKilTeT Of 
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Cklaride qfEthyle — Hydrochloric Ether — ^may be made 
by saturating rectified spirits of wine with dry hydro- 
chloric acid gas, and distilling the result at a low tempera- 
ture, conducting the vapor through a bottle of warm iva- 
ter, and then condensing in a receiver surrounded by a 
h'eezing mixture. It is a colorless, volatile liquid, of a 
peculiar aromatic smell ; the specific gravity is *874. It 
boils at 52^, and is not decomposed by nitrate of silver. 

Bromide of Ethyle {Hydrobromic Ether) and Iodide oj 
Ethyl {Hydriodic Ether) are not of any importance ; ai^ 
the same remark may be made as respects the gy^ph/mtt 
and the cyanide. 

Nitrate of Ethyle — Nitric Ether — may be made <» the 
small scale by distilling equal weights of alcohol and nitric 
acid with a small quantity of nitrate of urea. The latter 
substance is used to prevent the nitric acid deoxydizing, 
and giving rise to the production of hyponitrite instead of 
nitrate of ethyle. Nitrate of ethyle is insoluble in water, 
has a density of 1*112, boils at 185^, and has a sweet 
taste. Its vapor explodes when heated. 

Hyponitrite of Ethyle — Nitrous Ether {AeO, NO^). — 
This ether may be made by passing the hyponitrous acid, 
disengaged from one part of starch and ten of nitric acid, 
through alcohol, diluted with half its weight of water and 
kept cold. It is a yellowish, aromatic liquid, having the 
odor of apples. It boils at 62° F. Its density is -967. 
The sweet spirits of nitre is a solution of this ether with 
aldehyde and other substances in alcohol. 

Carbonate of Ethyle — Carbonic Ether (AeO^ CO^) — 
made by the action of potassium on oxalic ether, and distill- 
ation of the product with water. It floats on the surface of 
the distilled liquid, is an aromatic liquid, and boils at 259^. 

Oxalate of Ethyle — Oxalic Ether — pi^epared by distill- 
ing four parts of binoxalate of potash, five of sulphuric 
acid, and four of alcohol into a warm receiver. The 
product is washed with water to separate any alcohol 
or acid, and redistilled. It is an oily liquid, of an aro- 
matic odor ; it boils at 352^ F., and is slightly heavier than 
water. With an excess of ammonia it yields Oxamide and 

What is the trae name of hydrochloric ether, and how is it prepared f 
How is the nitrate of ethyle made t How is nitrous ether prepared, and 
what are its properties ? How are carbonic ether, acetic ether, and for- 
Buo ether made i 
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aloohoL With a smaller proportion of ammonia and al- 
cohol it yields Oacamethane, CsHiNO^. 

Acetate ofEihyle — Acetic Ether {AeO, CJI^O^ — and 
FarmiateqfEthyle — Formic Ether (AeO, C^HO^ — are 
procured in a similar manner with the foregoing, suhsti- 
tuting in one cae^ acetate of potash, and in the other 
formiate of soda. 

(Enanihic Ether {AeOf Ci^Hi^O^) is prepared from an 
oily liquid which passes over during the distillation of cer- 
tain wines. It has a powerful vinous odor, is a colorless 
liquid, specific gravity '862 ; it boils at 410^ F., dissolves 
readily in alcohol, and gives their peculiar aroma to the 
wines in which it is found. From it cenanthic acid may 
be obtained by the successive action of potash and sul- 
phuric acid. It is an oily body, becoming a soft solid at 
550 F. 



LECTURE LXXII. 

Derivative Bodies op Alcohol. — Sulphovinic and Phos- 
phovinic Adds, — Prodticts of Sulphovinic Acid at Dif- 
ferent Boiling Points. — The continuous Ether Process, 
—The continuous Olefiant Gas Process. — Dutch Li- 
quid, — Sticcessive Substitutions of Chlorine in it. — Heavy 
and Light Oil of Wine, — Sulphate of Carbyle and its 
derivative Adds, 

SnLPHOViNic Add — Bisulphate ofEthyle{C^H^O ,2S0^ 
-\-IIO), — ^A mixture of sulphuric acid with an equal weight 
of alcohol is to be heated to the boiling point, and then 
allowed to cool. It is then to be diluted with water and 
neutralized with carbonate of baryta; the sulphate of ba- 
ryta subsides. The solution is then filtered, evaporated, 
and, when cold, the sulphovinate of baryta crystallizes. 
From this the sulphovinic acid may be obtained by pre- 
cipitating the baryta with dilute sulphuric acid, and evap- 
orating the resulting solution in vacuo. It is a sirupy 
liquid, of a sour taste, giving rise to a series of soluble 
salts, which decompose at the boiling point, as will be pres- 
ently seen. 

From what Bonrce ib cenanthic ether derived ? What it its relatioii to 
finoiu bodies 7 How ia Bolphovinic acid made 1 "W \iat \s \Xa c«ai^%\>assck.% 
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Pkosphovinic Add (C^ITsO, P05+2H^O)i8madeonthe 
same principles as the foregoing, phosphoric acid being 
substituted for sulphuric, and decomposing the resultmg 
baryta salt in the same way. It is a sirupy liquid, of a 
sour taste, and dissolves in water, alcohol, and edier very 
readily. It is decomposed by heat. 

If sulphovinic acid be diluted so as to bring its boiling 
point below 260^ F., it is resolved at that temperature 
chiefly into sulphuric acid and alcohol, which distills over. 

If the boiling point is from 260° F. to 310O P., the dis- 
tillation results chiefly in the production of bydrated sul- 
phuric acid and ether. 

If, by the addition of sulphuric acid, the boiling point 
is carried above 320^ F., the action is more complex, bat 
the chief product which passes over is olefiant gas. 

The ordinary method of preparing ether is, therefore, 
obviously very disadvantageous, because it is only within 
a particular range of temperature that that body is evolved. 
At first the low temperature yields alcohol, and as the 
heat rises, the mixture begins to blacken and olefiant gas 
to be evolved. 

To obviate these difficulties, a very beautiful process, 
the continuoiLs process ^ has been introduced. It consists 
in taking a mixture of eight parts by weight of sulphuric 
acid and five of alcohol, specific gravity '834, the boiling 
point of which is about 300^ F. This is brought to that 
temperature,%nd alcohol of the same density is allowed 
slowly to flow into the mixture, the boiling point being 
steadily kept as near 300° F. as possible, and the mixture 
maintained in a state of violent ebullition. Water and 
ether distill over together, and may be passed through a 
Liebig's condenser ; they collect in the receiver in sepa- 
rate strata, or, if this does not take place at first, the ad- 
dition of a little water in the receiver insures it. 

In this manner a very large quantity of alcohol maybe 
converted into ether and water by the action of a limited 
amount of sulphuric acid ; and in a similar manner, by ad- 
justing the boiling point so as to be between 320° and 
330° F., olefiant gas may be continuously obtained. All, 
therefore, that is required, is to convey the alcoholic va- 

What is the composition and mode of preparation of phospbovinic acid? 
What is the result of the exposure of sulphovinic acid at different boiling 
points 1 Deicribe the continuous process for the preparation of ether. 
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por tfarough a mixture of oil of vitriol with half its weight 
of water, which has the required boiling point. In this 
process the acid does not blacken, and it is therefore much 
more advantageous than that described for the prepai*ation 
of olefiant gas in Lecture LIV. 

Chloride of Olefiant Ga$— Dutch Liquid {CJI^Cl^)— 
is prepared by mixing equal volumes of chlorine and ole- 
fiant gas in a large glass globe. It is a colorless and fra- 
grant liquid, soluble in sdcohol and ether, but less so in 
water. It boils at 180^ F., and when acted on by a so- 
lution of caustic potash in alcohol, it yields chloride of 
potassium and a substance C^IL^Cl, which, on being cooled 
by a freezing mixture, condenses into a liquid. This li- 
quid, brought in contact with chlorine, absorbs that sub- 
stance, and yields a new compound, C^H^Clf which may 
again be decomposed by an alcoholic solution of pota^*' 
into chloride of potassium and a new volatile body, 

There is an iodide and a bromide of olefiant gas, which 
possess a constitution analogous to the chloride. 

When chlorine gas is made to act upon Dutch liquid, 
three different substances may be successively formed by 
the gradual abstraction of hydrogen, and its equivalent 
substitution by chlorine. These substances are as follow : 

Dutch liquid C^H^Ch, 

(1.) C^H^Ch. 

(2.) C^H^CU. 

(3.) C4 Ck. 

The first and second of these products are volatile li- 
quids, the third is the perchloride of carbon, in which it ap- 
pears that all the four atoms of hydrogen in the Dutch 
liquid have been removed, and their places occupied by 
four atoms of chlorine. This perchloride of carbon is a 
white, crystalline body, soluble in alcohol and ether. Its 
melting point is 320° F. By passing its vapor through a 
red-hot porcelain tube, it is decomposed, yielding C^Cl^ 
and free chlorine, and this again gives rise to subchloride 
ofcarhonf C^Cl^, by being passed through an ignited por- 
celain tube at a white heat. The former of these bodies 
is a colorless liquid, and the latter a silky solid. 

Heavy Oil of Wine (C^H^O^ 280^^) may be procured 

Deacribe the oontinucnu procesB for preparing olefiant bbb. How ia 
Dotdi liquid prepared 7 What is the nature of the leriea of bodies arisiag: 
fioa the actioii of chlorine on it? 

E e2 
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by the destractire difltillation of sulphovinate of lime, or 
by distilling two and a half parts of oil of vitriol and one 
of spirit of wine. It is a colorless liquid, heavier than 
water, and having an odor of peppermint. BoUed with 
water, it yields sulphovinic acid, and Li^^kt, or Sweet OH 
^Tl^tffe, a substance which, after standing a few days, de- 
posits white inodorous crystals of Etkerine, C^H^. The 
residue, which still remains liquid, is Etherole, C4H4, It 
is a yellowish liquid, lighter than water, and soluble in 
dAcohol and ether. 

Sulphate of Carhyle {CJS^, ^SO^ arises when theya- 
por of anhydrous sulphuric acid is absorbed by pure alco- 
hoL It is a white crystalline body. When dissolved in 
alcohol, and water added, the solution neutralized by car- 
bonate of baryta, filtered, concentrated, and then mixed 
with alcohol, the Ethumate of Baryta precipitates. This, 
when decomposed by dilute sulphuric acid, yields Hydra- 
ted Ethionic Acid, the constitution of which is CJSfi, 
4iSOs -|- 2 HO. Ethionic acid yields a series of salts, 
many of which can be obtained in crystals. On being 
boiled, solution of ethionic acid yields sulphuric acid and 
Isethionic, the peculiarity of which is, that it is isomeric 
with sulphovinic acid, both containing C^H^O, 280% + 
HO. 



LECTURE LXXIII, 

OxYDATioN OP Alcohol. — The Acetyle Gfroup. — AJdi- 
hyde, — Its Preparation and Properties. — Aldehydk 
Acid. — Davy's Flameless Itamp. — Acetal produced by 
Platinum Black. — Acetic Acid^ Production of. — Na- 
ture of the Change from Alcohol to Acetic Acid. — SaUi 
of Acetic Acid. 

It has been already stated (Lecture LXXI.), that when 
alcohol is burned in contact with oxygen gas or atmos- 
pheric air, the sole products of the combusdon are car- 
bonic acid gas and water. But when the oxydation is 

Under what circumstances does the heavy oil of wine form T How ii 
Bweet oil of wine prepared ? What are etherine and etherole T When 
the vapor of anhydrous sulphuric acid is passed into pure alcohol, whit if 
the result? How are ethionic and isethionic acids prepared? 
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e hydrogen is removed by preference, and a new 
bodies is the result, designated as 

The Aeetyle Series, 

rlo, C^Ht = -4c. 

3 of acetyle = AcO, 

ated oxide of acetyle (aldehyde) . . = AcO -4- HO, 
rioKUM acid (aldehydic acid) . . . . = AcO^ 4- HO. 
cacid =AcO»4-HO, 

Q is an ideal body, diiTering from ethyle by con- 
ily three atoms of hydrogen instead of five. Its 
\o, has not yet been insulated. 
ted Oxide of Acetyle — Aldehyde — may be ob- 

distilling two parts of the compound of aldehyde 
onia, dissolved in two parts of water, with a mix- 
ree of oil of vitriol and four of water, and redis- 
) product from chloride of calcium at a low tem- 
It is a colorless liquid, of a suffocating odor, 
y is -790, its boiling point 72° F. It is soluble 
and alcohol. It slowly oxydizes in the air, and 
idly under the influence of the black powder of 
, producing acetic acid. Heated with caustic 

yields aldehyde resin, a brown body of a resin- 
ct Aldehyde has received its name from the 
mce that it contains the elements of alcohol me- 
itoms of hydrogen {Alcohol Dehydrogenatus), 

pure aldehyde is kept for a length of time at 

a close vessel, it yields Elaldehyde, a substance 
with itself, but possessing different properties, 
fie gravity of its vapor, for example, being three 
It of the vapor of aldehyde. pig, j^ro. 

here is also produced, at com- 
peratures, a second isomeric 
rtcddehyde. 

fdic Add may be obtained by 
• oxide of silver with aide- 
i precipitating the metal with 
ted hydrogen. It contains 
I of oxygen less than acetic 
; is one of the products of the 
nbustion of ether in Davy's 

lamp, which may be made ^~^ -__--- =^ 

acetyle ? How is aldehyde prepared ? What are its proper- 
n what is its name denved 7 Under what circumstances do 
and metaMehyde form 7 What is Davy's flameless lamp 7 
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bj putting & imall quantity of ether in a jar (fig.STI, 1 
page 331), anil suspending in tbe vapor, as it mixeiKiA 1 
atmospheric air, a coil of platina wire which has recendj ' 
been igiiitcd. The wire remains incandescent as long u 
any ether is present. The aame result is obtained bj 
putting a spiral of platina wire, or a ball of spongj pt- 
tina, over the wick oi a spirit lamp, the lamp being lighted 
for a. shart time, and then blown out ; the platini 
tinues incandescent, evolving a peculiarly aci'id vapor. 
Acttal [VfHaOt), containing the elements of ether ai 
aldehyde, is produced by the osydation of vapor of alco- 
hol by black puwder of platinum, the alcohol being placed 
in ajar, withmoiHtened platinum black in a capsule aboTS 
it. In the course of several days the alcohol will be 
found to havo become sour ; it is then to be neutralized 
with chalk and distilled. Chloride of calcium BeparatH 
an oily liquid from the distilled product. This, on being 
distilled at a temperature of 200" F., yields acetaL It is 
a coloriess and aromatic liquid, lighter than water, sod 
boiling at 203" F. It yields, under the influence of in 
alcoholic solution of caustic potash, by absorbing oxygen 
from the air, resin of aldehyde. 

Acelie Acid — Pyroligneoia Acid — Vinegar (Ci/r,0,+ 
HO). — When dilute alcohol ia dropped on platina black, 
oxydation takes place, and the vapors of acetic acid are 
Fig.vi. formed. On the large scale it is also 

formed by allowing a mixture of alcohol, 
er, and a small quantity of yeast, 6, 
JFig. 271, to flow over wood shaving 
I which have been steeped in vinegar con- 
tained in a barrel through which atmoa- 
pheric air la allowed to circulate by tbe 
' apertures c c c. The temperature rises, 
Lnd the acetilication goes on with rapid- 
ity, the product being collected in the re- 
ceiver, d. Vinegar, also, is formed by the spontaneous 
souring of wines or beer containing ferment, and kept in 
a cask to which aimospheric air has access. During tbe 
-— .____ T . „ . ^ ^j. ^^ jfiooH, acetic acid (hence 




destructive distill at 



cdlsd pyidigneoiu idd 1 



lo of iti prodncW. WhM ii 

prepvedl^ pluimim bla^ T Hentim msa of the 
■ —htch acetk tcid mmj be nude. Wb; ' ' 
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^dbd pTroligneotiB acid) in an impure state is found 

"^ong the products. 

The strongest acetic acid may be made by distilling 

^wdered anhydrous acetate of soda with three times its 

weight of oil of vitriol. The product is then re-distilled, 

and exposed to a low temperature, when crystals of hy- 

drated acetic acid form ; the fluid portion is poured off, 

and the crystals suffered to melt. It is a colorless liquid, 

which crystallizes below 60^ F. ; has a very pungent odor, 

and, placed on the skin, blisters it ; boils at 248^ F., the 

vapor being inflammable. It dissolves in water, alcohol, 

weA ether ; and in a less pure state, as vinegar, its taste, 

odor, and applications are well known. If its constitution 

be compared with that of alcohol, 

Akohol CAHtiCh» 

Acetic acid dHAO*, 

it is seen to differ from that substance in the circumstance 
that two hydrogen atoms have been removed from the al- 
cohol, and their places taken by two oxygen atoms. Hence 
the various processes for its production are easily ex- 
plained. Acetic acid gives rise to several important salts. 

Acetate of Potash (KO, C^H^O^) is obtained by neutraliz- 
ing acetic acid with carbonate of potash, evaporating to 
diyness, and fusing. This salt is very deliquescent, and 
has an alkaline reaction. 

Acetate of Soda is made on the large scale by saturating 
the impure pyroligneous acid formed in the destructive 
distillation ot wood, with lime, and then decomposing the 
acetate of lime with sulphate of soda. The sulphate of 
lime precipitates, the solution being crystallized, and the 
crystals subsequently purified by draining, fusing, solu- 
tion, and re-crystallization. The crystals effloresce in the 
air, and are soluble in water and alcohol. 

Acetate of Ammonia — Spirit of Minderertu. — The solu- 
tion is made by saturating acetic acid with carbonate of 
ammonia, and the solid by distilling acetate of lime and 
hydrochlorate of ammonia ; the acetate of ammonia passes 
over, and chloride of calcium is left. 

Acetate of. Alumina is made by the decomposition of a 



What change does alcohol undergo in passing into acetic acid ? Men- 
tioo aome ofthe more important salts of acetic acid. How is the acetate 
flf wda made f What ia the spirit of Mindereroa ? 
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sobition of alum by acetate of lead. It is znuch usei 
dyers as a mordant. 

Acetates of Lead, — Ist. Neutral Acetate {Sugar cfLt 
may be made by dissolving litharge in acetic acid, 
occurs in colorless prismatic crystals, and also in cr 
talline masses. It has a sweetish, astringent taste, fro 
which its commercial name is derived. It is soluble 
about its own weight of cold water. The crystals ^ 
resce in the air. 2d. Sttbacetates of Lead — SeM^mbtm 
Acetate — ^is formed by partially decomposing the neutre 
acetate by heat. Its solution is known as Goulard^ sWor 
ter. Two other subacetates may be made by the action 
of ammonia on the neutral salt. Their solutions have an 
alkaline reaction, absorb carbonic acid from the air, and 
give rise to a precipitate of the basic carbonate. 

Acetates of Copper, — 1st. Neutral Acetate — Distilled 
Verdigris — made by dissolving verdigris in hot acetic 
acid. On cooling, it yields green crystals, soluble bodi 
in water and alcohol. It is used as a paint. 2d. Bibask 
Acetates of Copper — Verdigris — may be made by the ac- 
tion of vinegar and air conjointly on metallic copper. 
Verdigris is a mixture of several acetates, one of which 
may be obtained by digesting it in warm water ; a second 
arises on boiling this ; the insoluble residue of the verdigris 
contains a third. 



LECTURE LXXIV. 

DERIVATrVES OP AcETYLE. ThE KaKODTLE GrOUP. — 

Chloracetic Acid, — Acetone, — Chloral and Heavy Mu- 
riatic Ether. — Substitutions of Chlorine in Light Mu- 
riatic Ether. — Sulphur-alcohol, — Its Relations to Mer- 
cury. — Xanthic Acid. — The Kakodyle Groups — Oxide, 
— Chloride, — Kakodylic Acid. 

Chloracetic Acid ( QfTO^Cy.— This remarkable body 
18 formed when a small quantity of crystallized acetic 
acid IS exposed to the sunshine m a jar-full of chlorine 
gas. The crystals which form on the inside of the vessel 

Far what purpose is acetate of aluiina uie'd T~~ What ▼arietiei'S not- 
tate of lead are there, and how are they formed? Whataretiie 
of acetate of copper ? How is chloracetic acid made T 
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are to be dissolved in water, and the solution evaporated 
in vacuo with capsules containing caustic potash and oil 
of vitriol. A little oxalic acid is iirst deposited, and then 
the chloracetic acid crystallizes as a colorless and deli- 
quescent body, with a powerfully acid taste, and capable 
of corroding the skin. It melts at 115^ F., and boils at 
390®. By comparing its constitution with that of acetic 
acidy it wUl be seen that in its formation three atoms of 
chlorine have been substituted for three of hydrogen. It 
yields an extensive series of salts. 

Acetone — Pyroacetic Spirit [CJS^O) — may be made by 
passing acetic acid vapor through a red-hot iron tube, 
or by the distillation of dry acetate of lead. It is a lim- 
pid, colorless, and volatile liquid, boiling at 132°, burns 
with a bright flame, and is soluble in water and alcohol. 
Nordhausen oil of vitriol, distilled with acetone, abstracts 
from it one atom of water, yielding an oily body, the con- 
stitution of which -is C^H^; it is lighter than water, and 
has an odor of garlic. 

' Sir R. Kane considers acetone to be the hydrated ox- 
ide of an ideal radical, Mesitj/le, CqH^, and has been able 
to produce the oxide and chloride of mesityle. Zeise also 
discovered a compound consisting of the oxide of mesityle 
and bichloride of platinum. 

Chloral {C^HCI^O^. — When dry chlorine is passed 
into anhydrous alcohol, and the action finished by the aid 
of heat, hydrochloric acid is produced ; and on its ceasing 
to appear, if the product be agitated with three times its 
volume of oil of vitriol, and the mixture warmed, an oily 
liquid floats on the acid : this is chloral. It may be puri- 
fied by successive distillation from oil of vitriol and quick- 
lime. It is an oily, colorless liquid, which causes a flow of 
tears, leaves a transient greasy stain upon paper, has a 
density of 1*502, boils at 201^, is soluble in water and al- 
cohol ; it yields no precipitate with nitrate of silver. When 
kept for a length of time in a sealed tube, it spontaneous- 
ly becomes a white, solid, insoluble chloral. In this con- 
dition it is little soluble in water, and reverts to its other 
state by being warmed. 

If chlorine acts on alcohol containing water, heavy Mu- 

Wbat IB the relationship between acetic and chloracetic acid 7 What 
ii the mode of preparing pj^roacetic spirit 1 What is mesityle f What 
is chloral f tJzuler what circmnstances does insoluble chloral form ? 
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riatic Ether is formed. It is a colorless and TolaSiifl 
liquid. 

The action of chlorine upon common ether, and also on 
the compound ethers, is Tery interesting. It consists in 
the graduial removal of hydrogen, chlorine being substi- 
tuted for it. This, in many instances in which the aid of 
the sunlight is resorted to, terminates in the entire re- 
moval of the hydrogen. In the compound ethers it is die 
basic hydrogen which is removed, while that of the acid 
escapes, as in the case of chlorureted acetic and chlarureted 
formic ethers. When the vapor of light hydrochloric 
ether is acted upon by chlorine gas, a complete series of 
compounds may be obtained, the hydrogen eventually 
disappearing : 

Hydrochloric ether C^H^Cl'^ 

Monochlorareted hydrochloric ether . . C^H^Clt ; 
Bichlomreted " " . . C^H^Cl^ ; 
Trichlororeted " " . . C^HjCU; 
auadrichlomreted " " . .'C^IfCla; 
Ferchloride of carbon C^ CU ; 

furnishing, therefore, a very striking instance of the doc- 
trine of substitution. 

MercaptaTir^ Sulphur-alcohol (C^H^S^) — is prepared by 
saturating a solution of caustic potash, specific gravity 
1*3, with sulphureted hydrogen, and distilling it with an 
equal volume of sulphovinate of lime of the same density. 
It passes over vfdth water, on the surface of which it 
floats as a colorless liquid, specific gravity *842, soluble 
in alcohol. It boils at 97^, smells like onions, and buns 
vnth a blue flame. Mercaptan corresponds to alcohol in 
which all the oxygen has been replaced by sulphur ; but 
in its action on metallic oxides it answers to the hydruiet 
of a compound radical, C^H^Si. Thus, with peroxide of 
mercury, it forms a mercaptide with the production of 
water ; and this may be decomposed by sulphureted hy- 
drogen, sulphuret of mercury subsiding, and mercaptan 
being reproduced. Mercaptan derives is name from its 
strong affinity for mercury {Mercurium Captans). 

Xanthic Add ( CqH^S^ O -f HO).— Hydrate of potash is 
to be dissolved in twelve parts of alcohol, specific gravity 
•800, and bisulphuret of carbon dropped into the solution 

Describe the successive action of chlorine upon ether. What remark- 
able qualities does mercaptanpossess ? How is it prepared ? From 
what is its uamo derived 1 Wnat is the process for preparing xai^iifl 
acid? 
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until it ceases to have an alkaline reaction. On cooling to 
zero, the xaiithate of potash crystallizes : it is to be dried 
in vacuo. It is soluble in water and alcohol, but not in 
ether ; and from it xanthic acid may be procured by the 
action of dilute hydrochloric acid. Xanthic acid is an 
oily liquid, beayier than water, which first reddens and 
then bleaches litmus paper. At 75^ it is decomposed 
into alcohol and bisulphuret of carbon. It is also decom- 
posed by the action of the air. 

Kakodyle {CJECqAs = Kd) is a compound radical, 
which gives rise to an extensive group of bodies, in which 
it acts Sie part of a metal. 

The Kakodyle Group. 

Kakodyle, CAHeAs ^=Kd. 

Oadde of kakodyle =KdO. 

Chloride " = KdC 

Iodide " = Kdl. 

Sulphnret " = KdS. 

Kakodyle may be obtained by decomposing the chlo- 
ride of kakodyle with metallic zinc in an apparatus filled 
with carbonic acid gas, and may be purified by re-distil- 
lation £rom zinc, similar precautions being taken to ex- 
clude atmospheric air. It is a colorless liquid, of a pow- 
erful odor, taking fire on the contact of air, oxygen gas, 
or chlorine; boils at 338^, crystallizes at 21°, and is de- 
composed by a red heat into olefiant gas, light carbureted 
hydrogen, and arsenic. 

Oxide of Kakodyle — Alkarsine — CadeVs Fuming Liqtior 
— ^is prepared by the distillation of acetate of potash and 
arsenious acid, receiving the products in ^n ice-cold vessel 
the temperature being finally carried to a red heat. The 
oxide comes over in an impure state, sinking to the bot- 
tom of the other products. It is to be decanted, washed 
with water, boiled, and then distilled in a vessel full of 
hydrogen from hydrate of potash. It is a colorless li- 
quid, specific gravity 1-462, boils at 300°, and solidifies at 
90 ; is sparingly soluble in water, but more so in alcohol ; 
is excessively poisonous, possessing a concentrated smell 
like garlic. Heated in the air, it bums, producing car- 
bonic acid, water, and arsenious acid. 

Chloride of Kakodyle maybe procured by the acti on of 

What is its action on litmug paper ? What is kakodyle ? How may it 
be iiolated 7 What are alkarsine and Cadef a faming liquor 7 How la it 
propved, and what are its properties ? 

F p 
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a dilate solntioii of Gorrosive sablimate on a dilute ako 
holic solution of oxide of kakodyle ; a white precipitate 
fidls, which, distilled with strong hydrochloric acid, yields 
corrosive sublimate, water, and the chloride of kakodyle 
passes over. When purified by chloride of calcium, imd 
distilled in an atmosphere of carbonic acid, it is a color- 
less liquid, of a dreaoful odor, heavier than water, and in- 
soluble therein, but soluble in alcohoL It is very poison- 
ous. It boils at about 212^, the vapor taking fire in tlie 
air. 

Kakodylic Acid — Alcargen {Kd . O3) — ^may be made by 
the action of oxide of mercury upon oxide of kakodyle un- 
der the surface of water, at a low temperature. Kakodylic 
acid forms crystals which deliquesce in the air, are soluble 
in water and alcohol, but not in ether. It is not acted upon 
by oxydizing agents, such as nitric acid, but is reduced to 
oxide of kakodyle by several deoxydizing bodies. It is 
not poisonous. 

Kakodyle furnishes a complete series of bodies : die 
iodide, sulphuret, cyanide, and a substance isomeric with 
the oxide, which has the name of parakakodylic oxide. 



LECTURE LXXV. 

The Wood-Spirit Group. — Methyle. — Its Oxide and Bf" 
drated Oxide, — Salts of Methyle, — Formic Acid, naJtit' 
ral and artificial Production of, — Derivatives of Wood 
Spirit, — Substitutions of Chlorine in Oxide of MethyU,-^ 
Substitutions in Chloride of Methyle, 

^ In the destructive distillation of wood in the prepara- 
tion of pyroligneous acid, there passes over a boay to 
which the name of wood spirit has been given. This ia 
the hydrated oxide, or alcohol of an ideal compound rad- 
ical, passing under the name of methyle. 

77te MethyU Group. 

Methyle, Cj/f, = ife. 

Oxide of methyle . . . . = JtfeO 

Hydrated oxide =^MeO^HO. 

Chlonde = MeCL 

^' &c. 

What i« the process for preparing the chloride of kakod^e » What an 
hi properties* What is the ooostitation of alcargen T under what dr 
oomstanoea is wood spirit produced 7 What is its ideal compound radicalt 
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Oxide of Methyle — Methylic Ether — Wood Ether 
(GJS^O). — This substance is made from the hydrated ox- 
ide on the same principle that ether is obtained from al* 
cohol : one part of wood spirit and four of oil of vitriol 
being heated in a flask, the vapor is passed through a small 
quantity of caustic potash solution, and received at the mer- 
curial trough. It is a permanently elastic gas, colorless, 
and has a specific gravity of 1*617, burns vsrith a pale flame, 
is very soluble in water, which takes up thirty-three times 
its volume of it, and yields it unchanged when heated. 

Hydrated Oxide of Methyle — Wood Spirit — JPyroxylie 
Spirit — ^may be separated from crude wood vinegar by dis- 
tillation. It passes over with the first portions along with 
a little acid, which, being neutralized with hydrate of lime, 
the wood spirit may be separated from the oil which floats 
on its sur&ce, and redistilled. The product thus obtained 
may be rectified in the same manner as common alcohol, 
and rendered anhydrous by quicklime. It is then a color- 
less liquid, of a hot taste and peculiar smell. It boils at 
152°, and has a specific gravity of '798 at 68^. It is sol- 
uble in water, dissolves resins and oils, and may be burn- 
ed like spirit of wine. It then exhales a peculiar odor. 

Chloride of Methyle {Me CI) may be made from the re- 
action of sulphuric acid upon common salt and wood 
spirit. It is a colorless gas, which may be collected over 
water ; has a density of 1*731. It has a peculiar odor, is 
inflammable, and may be decomposed by passing through 
a red-hot tube. 

Sulphate of Oxide of Methyle {MeO, SOq) may be pre- 
pared by distilling one part of wood spirit with eight or 
ten of oil of vitriol ; the product is to be washed with 
water, and redistilled from caustic baryta. It is an oily, 
neutral liquid, smelling like garlic ; specific gravity 1*324. 
It boils at 370°. It is not soluble in water, but is decom- 
posed by that liquid, especially at the boiling temperature, 
mto sulphomethylic acid and hydrated oxide of methyle. 
It is to be observed, that in the series of wine alcohol 
there is no compound corresponding to this. 

Nitrate of Oxide of Methyle {MeO, NOi^) is obtained by 

How is the oxide of methyle prepared, and what is its form ? What is 
tile ooDStitation of pyroxylic spirit? What are its properties, and for 
what purposes may it be used f How is the chloride of methyle nrepais 
ed? In uie wine series, is there any compooDd an8k^[oaB to sulphate of 
oxide of methyle? 
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tbe action of a mixtare of wood spirit and oil of yitriol 
upon nitrate of potash. It is a colorless liquid, heavier 
uan water ; hoils at 150° ; hums with a yellow flame. 
Its vapor explodes when heated. In a solution of caustic 
potash, it decomposes into nitrate o£ potash and wood 
spirit. 

Oxalate of Oxide of'Methyle {MeO, QO,) is made hy 
distilling oxalic acid, wood spirit, and oil of vitriol. The 
liquid which is collected is allowed to evaporate ; it 
yields crystals of the oxalate. When pure, it is colorless ; 
melts at 124°, and hoils at 322°. It is decomposed hy 
hot water into oxalic acid and wood spirit, hy solution of 
ammonia into oxamide and wood spirit. 

Sulphomethylic Acid {MeO, 280^ + HO), the com- 
pound corresponding to sulphovinic acid, and prepared 
m the same way, hy substituting wood spirit for alcohol 
It is thus procured as a sirup or in small crystals, solu- 
ble in water and alcohol. It is an instable body, and pos- 
sesses many analogies with sulphovinic acid. 

Formic Acid (C^HO^ + HO). — This acid, in the wood- 
spirit series, is the analogue of acetic acid in the alcohol 
series. It may be procured on principles similar to those 
involved in the preparation of acetic acid, as by the grad- 
ual oxydation of the vapor of wood spirit in the air imder 
the influence of black platinum. In a dilute state it may 
be prepared by distilling one part of sugar, three of per- 
oxide of manganese, and two of water, with three parts 
of sulphuric acid, diluted with an equal weight of wa- 
ter. The liquid which distills is to be neutralized by 
carbonate of soda, purified by animal charcoal, and redis- 
tilled along with sulphuric acid. It occurs naturally in 
the bodies of red ants, and hence has obtained the name 
of formic acid. From the distillation of those animals it 
was originally procured. 

Anhydrous formic acid (C^HO^ obviously contains 
the elements of two atoms of carbonic oxide and one of 
water. It yields two hydrates, respectively containing 
one and two atoms of water. The first, for which the 
formula has already been given, is procured by the ac- 

' ' How ifl the nitrate obtained, and what are its properties 1 Describe the 
preparation of the oxalate and of solpho-methylic acid. What is the con- 
stitation of formic acid ? How is it procured t From what circumstance 
W its name derived 7 What are its properties ? 
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tion of sulphureted hydrogen on formiate of lead. It is a 
colorless liquid, of a strong odor; boils at 212°, and crys- 
tallizes below 32°. It is inflammable, and has a specific 
gravity of 1*235. It blisters the skin. Formic acid yields 
a complete series of salts. 

Chloroform (C^HCl^ is made by distilling wood spirit 
with a solution of chloride of lime. It is a colorless liquid ; 
specific gravity 1*48 ; boils at 141°. It bums with a 
green flame, and is decomposed by an alcoholic solution 
of potash into chloride of potassium and formiate of pot- 
ash. The relationship between formic acid and chloro- 
form is obvious : it consists in the substitution of three 
atoms of chlorine for three of oxygen. There are also 
two analogous compounds : 

Bromofbrm Cj^HBr^, 

Iodoform C^HI^. 

Formomethylal {C^H^O.^ is prepared by distilling wood 
spirit, oxide of manganese, and dilute sulphuric acid. On 
saturating the product with potash, formomethylal sepa- 
rates as a colorless oily liquid : specific gravity '855 ; 
boils at 107°, and soluble in water. 

Methyle-mercaptan. — Formed as the common mercap- 
tan, by substituting sulphomethylate of potash for sulpho- 
vinate of lime. It is analogous to common mercaptan. 

When chlorine is made to act on the oxide of methyle 
at common temperatures, it removes one of the hydrogen 
atoms ; and by continuing the action, a second may be 
taken away, and the process of substitution, as shown in 
the following series, may be carried so far as to end in the 
removal of oxygen and the production of chloride of 
carbon. 

Oxide of methyle C2H3O. 

Ist substitation C2H2O, CI. 

2d " C2H O, Clt. 

8d " Ct O, Ch. 

4tli " (chloride of carbon) . C^ CI4. 

Other methylic compounds furnish similar series, thus : 

Chloride of methyle C^HtCl 

l8t sabstitution C^H^Ch' 

2d " (chloroform) C^H Cl». 

3d " (chloride of carbon) . . C| Cl^. 

How ii chloroform obtained ? What is the process for preparing for- 
mometliylil 1 Describe the series of substitutions of chlorine on the oxide 
ofme^lme. Describe the analogous substitatioos with chloride of methyle? 

Fp2 
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LECTURE LXXVI. 

Ti« Potato Oil Group. — Fusel Oil, — Chloride of 

Amyle. — Sulphamylic Acid, — Amilen, — Rdations of 

Valerianic Acid. 
The Benztle Group. — Oil of Bitter Almonds, — Benzoic 

Acid, — Sulpkobenzoic Acid, — Chloride of Benzyle. — 

Benzamide, 

In the distillation of brandy from potatoes, a volatile 
oil passes over. It is regarded as the hydrated oxide of 
an ideal compound radical, which passes under the name 
of Amyle, having the constitution VjoHn, 

The Potato Oil Group. 

Amyle, CioHii =:Ayl, 

Axnylc ether = AylO. 

Am\'le alcohol (potato aQ) ^lAylO-^-HO, 

Chknide of amyle = AylCl. 

Amilen CioHio. 

Valerianic acid CioH^Ch. 

Of these, arayle and its oxide, amyle-ether, are ideal. 

Hydrated Oxide of Amyle — Amyle Alcohol — Potato Oil 
— Fusel Oil ( CiofiT,, O-h iJO). — This substance passes over 
toward the end of the first distillation of potato spirit, and 
communicates to it a milky aspect. On standing, it floats 
on the surface, and may be purified by washing with wa- 
ter, drying with chloride of calcium, and redistillation. 
It is a fluid oil of a suffocating odor, which acts power- 
fully on the animal system. Its specific gravity is 'Sie ; 
it boils at 269°. 

Chloride of Amyle (AylCl) is made by distilling equal 
weights of potato oil and perchloride of phosphorus, wash- 
ing with potash water, and redistilling from chloride 
of calcium. It is an aromatic liquid, boils at 215^, and 
bums with a green flame. Under the influence of sun- 
shine, eight of its hydrogen atoms may be removed, eight 
chlorine atoms being substituted for them, CioHnCl yield- 
ing CioH^Clg, forming chlorureted chloride of amyle. 

What is the imaginary radical of the potato oil group 7 What are the 
nature and relatiooB of fusel oil 7 What are the properties of the chloride 
of amyle 7 
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The Iodide and Bromide of Amyle are compounds anal- 
ogous to the chloride. 

Acetate of Oxide of Amyle is obtained by distilling ace- 
late of potashy potato oil, and sulphuric acid. It is a col- 
orless liquid, which boils at 257°. 

SulphoLmiUjc Add {AylO, 2SO2H+ O) is generated 
irhen sulphuric acid is made to act on an equal weight of 
potato ou. From this, by the successive action of car- 
bonate of baryta and sulphuric acid, it may be procured 
by operating on the same principles as for sulphovinic 
acid, to which, both in constitution and properties, it is 
the analogue. It is a sirupy or crystalline body, and is 
decomposed by ebullition into potato oil and sulphuric 
acid. 

Amilen ( CiqHio) is obtained by the action of anhydrous 
phosphoric acid on potato oil ; it is an oily liquid which 
boils at 320^. In constitution and position it, therefore, 
occupies, in the amyle series, the same situation that ole- 
fiant gas does for the wine alcohol series, and, indeed, is 
isomeric with that body. 

Valerianic Acid ( C10H9O3) bears the same relation to the 
amyle group which acetic acid does to the wine alcohol 
group, or formic acid to the wood spirit group. It is 
rormed when warm potato oil is dropped on platinum 
black in contact with the air. It occurs naturally in the 
root of the Valeriana Officinalis, hxxt is best made by heat- 
ing potato oil in a flask, with a mixture of quicklime and 
bydrate of potash, for several hours at a temperature of 
400^. The white residue is immersed in cold water, and 
distilled with a slight excess of sulphuric acid, so as to 
Irive off hydrated valerianic acid and water. It is a col- 
orless oil of an acid taste, combustible, and boiling at 347^. 
When acted upon by chlorine in the dark, and the action 
ended by heat, it gives rise to Chlorovalerisic Acid ( Cio-HJ 
CI3O3 + HO), in which there has been a removal of three 
bydrogen atoms and a substitution of three of chlorine. 
Under the influence of the sunshine, by the same process, 
another hydrogen atom is removed, and Chlorovalerosic 
Acid forms, its constitution being CiqH^CI^O^ + HO. 

To what substance is sulphamilic acid analogons 7 What relation ii 
tliere between amilen and olefiant gas 7 What is the relation between 
acetic and valerianic acids 7 From what natural soinoe may the latter be 
derived 7 How is it made artificially 7 What is lihe ■oocefffive actkm of 
ddorine upon it 7 
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The Benzyle Oroiip. 

Benzyle, C14H5O2 =zBz. 

Hydraretofbenzyle • • •. =Bz-^H» 

Oxide of benzyle (benzoic acid) . . . . =^BZ'f-0. 
Chkmde =zBz + Cl 

Of this series, benzyle, the radical, is an ideal body. It 
is a radical which discharges the functions of a metallic 
body, giving rise to oxides, chlorides, iodides, &c., as the 
table shows. 

JSydruret of Benzyle — Oil rf Bitter Almonds (BzE)^ 
obtained by the distillation of bitter almonds, from vridch 
the fixed oil has been expressed, with water, and arises 
from the action of the water upon AmygdcUine contained 
in the seed. It may be purified by distillation from pro- 
tochloride of iron with hydrate of lime in excess, and is a 
colorless liquid of an agreeable odor, slightly heavier than 
water, and also slightly soluble therein, but very solnble 
in alcohol and ether. It boils at 356^. In the air it pass- 
es into benzoic acid by absorbing oxygen. 

Oxide of Benzyle — Benzoic Acid (BzO + HO), — This 
acid is obtained by sublimation from gum benzoin, that 
substance being placed in a shallow vessel, over the top 
of which a cover of filtering paper is pasted, and this cov- 
ered by a taller cylinder of stouter paper. On heating, 
the vapors pass through the filtering paper, and, condens- 
ing in feathery crystals in the space above, fall down upcHi 
the paper and are retained by it. A better method is to 
boil a mixture of the gum with hydrate of lime, filter, 
concentrate the solution, add hydrochloric acid, and the 
benzoic acid crystallizes in thin plates on cooling. It may 
be subsequently sublimed. When pure it has no odor. 
It melts at 212^, and boils at 462°. Its vapor excites 
coughing. It is much more soluble in hot than in cold 
water. It forms a series of salts, and is sometimes used 
for the separation of iron from other metals. 

Sulphobmzoic Acid {Q^^O^^, SO^ + 2H0), a bibasic 
acid, formed by the action of anhydrous sulphuric acid 
apon benzoic acid, the mass being dissolved in water and 
neutralized by carbonate of baryta. On filtering, and add- 

What is the radical of the benzyle series ? What is oil of bitter al- 
monds? From what substance does it arise? What is benzoic add? 
By what processes may it be prepared? What is the process for pre- 
puiDg Aolphobenzoic acid ? 
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ing hydrochloric acid to the hot solution, on cooling tho 
salphobenzoate of baryta crystallizes, which* may be de- 
composed by dilute sulphuric acid. It is a white crystal- 
line mass. 

Chloride of Benzyle (BzCTj, — When chlorine gas is 
passed through oil of bitter almonds, hydrochloric acid is 
nirmed, and, after expelling the excess of chlorine by heat, 
chloride of benzyle remains. It is a colorless liquid, of 
a disagreeable odor, heavier than water, combustible, afid 
decomposed by boiling water into benzoic and hydrochlo- 
ric acids. 

Benzamide {CiJIjNO^) is formed by the action of chlo- 
ride of benzyle on dry ammonia, the hydrochlorate of am- 
monia being removed fix)m the resulting white mass by 
cold water. From a solution in boiling water, the ben- 
zamide crystallizes. It melts at 239*^. It corresponds 
in its chemical relations to oxamide. 

Hydrobenzamide (C^Hi^N^, made by the action of pure 
oil of bitter almonds on solution of ammonia, the product 
being washed with ether, and from its alcoholic solution 
this substance crystallizes; but when impure almond oil 
is employed, three other compounds may be obtained : 
they are benzhydramide, azobenzoyle, and nitrobenzoyle. 



LECTURE LXXVII. 

The Salicyle and Cinnamyle Groups. — Benzoine, Ben" 
zone. Benzine, — HippuricAcid, — The Salicyle Group. 
— Artificial Formation of Oil of Spircea. — Compownds 
of Salicyle, — Melanic Acid, — The Cinnamyle Group. 
— Compounds of Cinnamyle, 

Benzoine {C^JI^iO^, a body isomeric with bitter al- 
mond oil. It is found in the residue after purifying that 
oil from hydrocyanic acid by distillation from lime and 
oxide of iron, and may be obtained by dissolving out those 
bodies by hydrochloric acid. It crystallizes from an alco- 
holic solution, on cooling, in colorless crystals, which melt 
at 248^. It dissolves in an alcoholic solution of caustic 



How is tbe chloride of benzyle made ? How are benzamide and h^dn>- 
benzamide Ibnned ? What relation does benzoine bear to oil of bitter 
ahnoodf T 



840 DERIVATIVES OF BENZTLE. 

potash, which, by boiling until the violet color has disap- 
peared, furnishes benzilate of potash, a salt from vvhich 
benzilic acid may be obtained by hydrochloric acid. Tbe 
constitution o£ Benzilic Add is C^HnO^ + HO* 

Benzone iCi^H^O) is obtained by die distillation of dry 
benzoate of lime at a high temperature, carbonate of lime 
remaining behind. The decomposition is interesting, the 
benzoic acid atom being divided, and yielding benzone 
and carbonic acid. 

Ci^H^O^ ... = ..• Ci^H^O + CO^ 

Benzine {Ci^H^) arises when crystallized benzoic acid 
is distilled from hydrate of lime at a red heat. It is an 
oily liquid, and, after being separated from the water which 
comes over with it, is to be rectified. It boils at 187^, so- 
lidifies at 32^, and is lighter than water. In its formation 
the hydrated benzoic acid is resolved into benziiie and 
carbonic acid. 

Stdpliobenzide {Ci^H^SO^) is formed by taking the sub- 
stance which arises from the union of benzine with anhy- 
drous sulphuric acid, and acting upon it with an excess 
of water. The sulphobenzide, which is insoluble in 
that liquid, may be obtained in crystals from its ethereal 
solution. It melts at 212^ F. From the acid liquid from 
which it has been separated hyposulphobenzic acid may 
be obtained. Its constitution is Ci^H^SaOn-^-HO. 

Nitrobenzide (CuH^NO^), produced by tbe action of 
fuming nitric acid on benzine, with the aid of heat. It is 
an oily liquid, of a sweet taste, heavier than water, and 
boiling at 4150. From it Azohenzide {Ci^H^N) may he 
obtained by distillation with an alcoholic solution of caus- 
tic potash, in the form of red crystals. 

Chlorhenzifie (Ci^HqCIq) is formed by the union of ben- 
zine and chlorine in the sun-rays. When distilled, the 
solid yields hydrochloric acid and a liquid, Chlorbenzide 

Hippuric Acid {Ci^H^NO^+ HO) is found in the urine 

What iB the result of the distillation of dry benzoate of Untie ? What 
is the nature of die decomposition ? What is the result of die dintillatiflP 
of crystalUzed benzoic acia and hydrate of lime 7 What is the result of 
the action of anhydrcms sulphnric acid and benzine 7 What is the actioo 
of nitric add on benzine 7 What inbstance resists from the union of ben- 
zine and chlorine 7 From what sources may hippuric acid be obtained 7 
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_ livoroiu anhnals, and occurs in the urine of pex^ 
sons who have taken benzoic acid. It may be prepared 
by evaporating the fresh urine of the cow, and acidulating 
the concentrated liquor with hydrochloric acid ; crystals 
of hippuric acid are deposited, which may be decolorized 
by bleaching liquor and hydrochloric acid. It crystallizes 
in square prisms, sparingly soluble in cold water, of a bit- 
ter taste and acid reaction. By a high temperature or the 
action of sulphuric acid, it yields benzoic acid. 

THE SALICYLE GROUP. 

There is contained in the bark of the willow and other 
trees a bitter crystalline principle, Salicine {C^iHi^On). 
This substance may be extracted by boihng the bitter bark 
in water, and digesting the concentrated solution with ox- 
ide of lead to decolorize it, removing any dissolved lead 
by sulphureted hydrogen, and evaporating until the sali- 
cme crystallizes. It forms white needles of a bitter taste, 
much more soluble in hot than cold water. Distilled with 
bichromate of potash and sulphuric acid, it yields hydro- 
salicylic acid, or the artificial oil of meadow sweet, a sub- 
stance containing Salicyle, the ideal compound radical of a 
series of bodies. 

The Salicyle Group* 

Salicyle, CuHi,0^ = SI. 

Hydrosalicylic acid = SIH, 

Iodide of salicyle = j8^//. 

Chloride = SICL 

&c. dec. 

Hyd/rosalicylic Add — Oil of Spircea Ulmana, or Mead' 
ow Sweet iC^JS^O^+H) — is prepared by distilling one 
part of salicine, one of bichromate of potash, two and a 
half of sulphuric acid, and twenty of water ; the salicine 
being dissolved in one portion of the water, and the acid 
n>ixed with the rest. The yellow oil which comes over 
is rectified from chloride of calcium. It may also be ob- 
tained by distilling the flowers of meadow sweet with 
water. It is transparent, but turns red in the air. It is 
slightly soluble in water, and very soluble in alcohol. Its 
specific gravity is 1-173 ; it boils at 385° F, It contains 
the same elements as benzoic acid. 

SdHcyUc Acid {CuH^O^-i- O) is obtained by the action 

Under what circamstances does benzoic acid produce it ? From what 
ia lalicino obtained 7 What is the constitution of salicyle 7 How may 
the oil of meadow sweet be made artificially 7 
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of hydrate of potash on the foregoing body by the assist- 
ance of heat After the disengagement of hydrogen is 
OYer, the mass is dissolyed in water, and salicylic acid 
separates in crystals on the addition of hydrochloric acid. 
It IS more soluble in hot than cold water, and is charred 
by hot oil of vitriol. 

Chloride of Salicyle {CiJSsO^Cl) is made by the action 
of chlorine on hydrosalicylic acid. Its crystals are insol- 
uble in water, but soluble in solutions of fixed alkalies, 
from which it separates on the addition of an acid, resist- 
ing decomposition even when boiled in caustic potash. 
It unites with caustic potash. 

Bromide and Iodide of Salicyle also exist, but are not 
of interest. 

Chlorosamide (C^Hi^N^O^Cl^, — Ammoniacal gas is ab- 
sorbed by the chloride of salicyle, producing a yellow 
body, which crystallizes from a boiling ethereal solution. 
It is insoluble in water. When acted upon by hot acids, it 
yields a salt of ammonia and chloride of salicyle ; an al- 
kali forms with it ammonia and chloride of salicyle. There 
is an analogous bromosamide. 

Salicyluret of Potassium (KSl) is formed by the action 
of oil of meadow sweet on a solution of caustic potash. It 
forms in yellow crystals from its alcoholic solution, and 
has an alkaline reaction. 

Melanic Add {CiJS^O^ is produced when the crystals 
of salicyluret of potassium are exposed in a moist state to 
the air. They first turn green and then black, and alcohol 
extracts from them melanic acid. 

cinnaMyle. 
The essential oil of cinnamon is supposed to be the hy- 
druret of an ideal compound radical, cinnamyle, analo- 
gous to benzoyle, and yielding a series. 

The Cinnamyle Group. 

Cinnamyle, CibHiO^ = C«. 

Hydruret of cinnamyle (oil of cinnamon) . . . . = CiH. 
Oxide " (cinnamic acid) . . . . = CiO. 

Chloride " =: CiCL 

*c- &c. 

Hydruret of Cinnamyle— Oil of dnnamon {C^^H^O^ -f 

What Ib the constitution of salicylic acid 7 What is the action of am- 
monia on chloride of salicyle ? Under what circnmstanccs is melanic acid 
produced ? What is the essential oil of cinnamon ? What is the cousti 
tation of cinnamyle ? 
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JET)— is obtained by infusing cinnamon in a solution of 
salt, and then distilling the whole. It is heavier than 
water, and may be separated from that liquid by contact 
with chloride of calcium. 

Oinnamic Acid {Ci^iO^ + O) is formed when oil of 
cinnamon is exposed to oxygen gas, the oil becoming a 
white crystalline mass, hydrated cinnamic acid. It may 
also be obtained by boiling hard Tolu balsam with hydrate 
of lime. The cinnamate of lime crystallizes as the solu- 
tion cools, benzoate of lime remaining in solution. The 
crystals are decolorized by animal charcoal, and then de- 
composed by hydrochloric acid ; from the hot solution 
cinnamic acid crystallizes. It melts at 248°, and boils at 
560°. It is soluble in boiling water and in alcohol; is 
decomposed by hot nitric acid, and yields benzoic acid, 
with ou of vitriol and bichromate of potash. 

CMorodnnose {Ci^H^Cl^O^ arises from oil of cinna- 
mon by the substitution of four atoms of chlorine for four 
of hydrogen, and is made by the action of chlorine on oil 
of cinnamon by the aid of heat. It crystallizes from its 
alcoholic solution in colorless needles. 



LECTURE LXXVIII. 

The Nitrooenized Principles. — Ammonia and its 
Salts, — Cyanogen. — Preparation and Properties of 
Prtissic Add. — Amygdaline and Synaptase. — The Cy- 
anides, — Oxygen Adds of Cyanogen, 

Ammonia. — I have already described, in Lecture LY, 
the compounds of hydrogen and nitrogen, under the 
names of amidogen, ammonia, and ammonium, and have 
also shown the relation there is between the salts of 
potash and soda and those of the oxide of ammonium. 
This compound metal is a hypothetical body ; its exist- 
ence may, however, be illustrated by passing a Voltaic 
current through a globule of mercury in contact with 
moist chloride of ammonium, or by putting an amalgam 
of mercury and potassium in a strong solution of that salt. 

How may cinnamic add be prepared? What is the constitution of 
chk>rocinno8o, and how is it prepared ? What is ammonium ? 

Go 
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The mercury rapidly increases in volume, retaining its 
metallic aspect, becomes of the consistency of butter, with 
a very trivial increase of weight ; the resulting substance 
is the Ammaniacid Amalgam. All attempts to insulate 
ammonia from it have failed. 

The most important salts of ammonia are the following : 

Chloride of Ammonia — Sal Ammoniac — Muriate ofAm- 
wumia — was formerly brought from Egypt, but is now 
made from the ammoniacsd liquors resulting from the 
destructive distillation of animal matters, coal, &c. It is 
soluble in water, crystallizes in cubes or octahedrons, and 
sublimes below a red heat unchanged. It is decomposed 
by lime and potash, and is formed when the vapors 
of ammonia mingle with those of muriatic acid. 

Nitrate of Ammonia is formed by neutralizing nitric 
acid with ammonia. It is deliquescent, and therefore 
very soluble in water. It melts at 240°, and at a higher 
temperature decomposes into steam and protoxide of ni- 
trogen, as is explained in Lecture XLV. 

Carbonates of Ammonia, — The neutral carbonate only 
exists in combination. With the carbonate of water it 
unites, forming Bicarbonate of Ammonia^ which may be 
prepared by washing the commercial Sesquicarbonate with 
water or alcohol, which leaves it undissolved. The car- 
bonate of ammonia of commerce is prepared by sublima- 
tion from a mixture of sal ammoniac and chalk. Its con- 
stitution is not uniform, though it is commonly regarded 
as a sesquicarbonate. 

Sulphate of Ammonia may be made by neutralizing 
sulphuric acid with carbonate of ammonia. It is soluble 
in twice its weight of cold water, and crystallizes in six- 
sided prisms. 

Hydrosulphuret of Ammonia is made by passing sul- 
phureted hydrogen into water of ammonia until no more 
IS absorbed. Though colorless at first, it absorbs oxygen, 
and, sulphur being liberated, it turns yellow. It is of 
considerable use as a metallic test. 

Cyanogen. — Bicarburet of Nitrogen (C.N). — The mode 
of preparing this remarkable body, and also its leculing 

How is the ammoniacal amalgam prepared ? From what sources is sal 
ammoniac derived? For what purpose is nitrate of ammonia employed? 
What is the carbonate of anmionia of commerce ? How is hydrosmpharet 
of ammonia made, and what is its use 7 What is the constitution of cy- 
anogen? 
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properties, have been described in Lecture LV. It is ot 
great interest in organic chemistry, as being the first dis- 
tinctly established compound radical, and the best repre- 
sentative of the electro-negative class of those bodies. 

We niay call to mind that it is easily made by the de- 
composition of cyanide of mercury at a low red heat, is 
a gaseous body, soluble in water, and, therefore, must be 
collected over mercury. It is combustible, and bums 
with a purple flame. 

The Cyanogen Chroup, 

Cyanogen, C^N = Cy. 

Hydrocyanic acid = CvH. 

Cyanic acid = (fyO. 

Fnhninic acid •=.Cy^O%. 

Cyanuric acid ^zCy^O^. 

&c. lite. 

Parctcyanogen {CiN). — ^When the cyanide of mercury is 
decomposed in the process for preparing cyanogen, a 
brownish substance is set free, which is paracyanogen. It 
is insoluble in water and alcohol, and is only remarkable 
in being isomeric with cyanogen. 

Hydrocyanic Add — Prtissic Acid — Cyanide of Hydro- 
gen {CqN+ H). — Hydrocyanic acid may be obtained in a 
state of purity by passing dry sulphureted hydrogen gas 
over dry cyanide of mercury in a tube, and conducting 
the vapor, which is evolved when the tube is warmed, into 
a vial immersed in a freezing mixture. The result of the 
decomposition is sulphuret of mercury and hydrocyanic 
acid. In a state of aqueous solution, it is best obtained by 
the action of dilute sulphuric acid on the ferrocyanide of 
potassium in a retort, and receiving the vapor in a Liebig's 
condenser. Having ascertained the strength of the prod- 
uct, it may then be diluted to the proper point. This ex- 
amination may be conducted by precipitating a known 
weight of the acid with nitrate of silver in excess, collect- 
ing the cyanide of silver on a weighed filter, washing, 
diying, and reweighing, which gives the weight of the 
cyanide. This, divided by five, is the weight of the pure 
hydrocyanic acid, nearly. 

Anhydrous hydrocyanic acid is a colorless and very vol- 
atile liquid, which exhales a strong odor of peach blooms ; 

What interesting fact is connected with its discovery ? What are itm 
properties 7 What is paracyanogen ? How may hydrocyanic acid he 
inade 7 By what process can its strength he determined ? 
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has a density of -705 ; boils at 79^. It mixes with water 
and alcohol in any proportion* A drop of it held in tbe 
air on a glass rod bcMMunes solidified by the rapid evapore- 
tion from its sar&:e. ' In the sunlight it decomposes rap- 
idly, producing a dark-colored substance ; and the same 
change goes on, though much more slowly, in the dark. 
It is one of the most insidious and terrible poisons, a few 
drops producing death in a few seconds ; and ereo its 
vapor, largely diluted with air, brings on very unpleasant 
symptoms. Under the action of strong acids it is decom- 
posed into ammonia and formic acid, the change being 
very simple : 

CiV; H+ 3HO = NH^ + C^O^ 

Under such circumstances, hydrochloric acid yields mu 
riate of ammonia and hydrated formic acid. Hydrocy 
anic acid may, to a certain extent, be preserv^ fixnn 
spontaneous change by the presence of a minute quantity 
of any mineral acid. 

Prussic acid may be detected by its smell, and by yield- 
ing a precipitate of Prussian blue when acted upon in so- 
lution successively by sulphate of iron, potash, and an ex- 
cess of hydrochloric acid. The liquid in which the poison 
is suspected to exist should be acidulated with sulphuric 
acid and distilled, and the hydrocyanic acid will be found 
in the first portions which come over. 

Amygdaiine {CJS„NO^. — ^A crystallizable substance 
found in bitter almonds, the kernels of peaches, &c. ; is of 
considerable interest in connection with hydrocyanic acid, 
inasmuch as these organic bodies yield, when distilled with 
water, that substance. The change consists in the ac* 
tion of water upon amygdaiine by the aid of an azotized 
ferment called SynapUise, or Emtdsine, which constitutes 
the larger portion of the pulp of almonds ; the bitter al- 
mond oil at the same time msikes its appearance. Amyg- 
daline may be abstracted from the paste of bitter almonds, 
from which the fixed oil has been expressed, by the aid 
of boiling alcohol, which being subsequently distilled off, 
the sugar which is contained in the sirupy residue is de- 
stroyed by fermentation with yeast. The liquid being 

What are its properties ? What is the action of strong acids upon itf 
How may it be partially preserved from spontaneous dianp^e ? How may 
it be detected ? What is amygdaiine ? What is t^ actipa of synaptasd 
and water upon it 7 How may it bo obtained 7 
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evaporated again to a sirap, is mixed with alcohol, which 

Srecipitates die amygdaline as a white crystalline pow- 
er, purified by being redissolved in alcohol and left to 
cool. It is soluble in hot and cold water, but sparingly 
soluble in cold alcohol. A weak solution of it in water, 
under the influence of a small quantity of the emulsion of 
sweet almonds, yields at once oil of bitter almonds and 
hydrocyanic acid. When amygdaline is boiled with an 
alkali, it yields Amygdcdinic Acid, which forms a salt with 
the alkali, and ammonia is evolved. 

Cyanide of Potassium {KCy) may be formed by the di- 
rect union of cyanogen and potassium, or by the ignition 
of the ferrocyanide of potassium in a close vessel. For 
common purposes in the arts it may be formed in a state 
somewhat impure by mixing eight parts of ferrocyanide 
of potassium, rendered anhydrous by heat, with three of 
carbonate of potash, also dry, and fusing the mixture in a 
crucible, stimng it until the fluid part of the mass is col- 
orless. The sediment is allowed to settle, and the clear 
liquid poured off"; it is the substance in question. Cyanide 
of potassium is very soluble in water, yields colorless oc- 
tahedral crystals, which deliquesce in the air; it melts 
without change at a red heat, and exhales the odor of 
prussic acid* It is very poisonous. 

Cyanide of Mercury may be made by dissolving red 
oxide of mercury in hydrocyanic acid, or by the action of 
a solution of ferrocyanide of potassium on sulphate of 
mercury; the cyanide crystallizing from the filtered hot 
solution. It forms fine prismatic crystals, more soluble in 
hot than cold water. It is poisonous ; and, when decom- 
posed at a low red heat, yields cyanogen gas. 

Cyanic Acid ( CyO-\-HO) is procured by heating in a re- 
tort cyanuric acid, deprived of its water of crystallization; 
a colorless liquid comes over into the receiver, which is 
the hydrated cyanic acid ; it has a strong odor like acetic 
acid, and produces blisters on the skin. It is decomposed 
by the contact vdth water into bicarbonate of ammonia. 

C^O, HO + 2H0... = . .. QO^ + iViTa, 
and is a very instable body, spontaneously changing in a 
short time into Cyamelide, a body of the same constitu- 

By what processes may tlie cyanide of potassium be made ? How may 
ttie OTSnide of mercnry be prepared ? Exposed to heat, what does it 
yield ? What are the oonstitation and properties of cyanic acid 7 

Gg2 



854 DBRITATITB8 OF CTAN06EN. 

I 

tion, but a white opaque solid, iDsoluble in water and al- 
cohol, and decomposed by hot oil of vitriol into carbonate 
of ammonia. 

Fulminic Acid {Ci/iOs+2HO) has not yet been insola- 
ted, but some of its salts, presently to be described, are 
characterized by the violence with which they detonate 
under very trivial disturbances. It is a bibasic acid. 

Cyanuric Acid (Cy^O^+^HO) may be made by heatmg 
urea, which disengages ammonia ; the residue is dissolved 
in hot sulphuric acid, and nitric acid added until the 
liquid becomes colorless : on mixing it with water, and 
allowing it to cool, the cyanuric acid separates. Its crys- 
tals are efflorescent ; it is sparingly soluble in water, and is 
a tribasic acid ; and, as has been already stated, at a red 
heat it may be distilled, and yields cyanic acid without 
any other product. 



LECTURE LXXIX. 

Bodies allied to Cyanogen. — Salts of the OxycyaiM- 
gen Acids, — Ferrocyanogen. — Ferrocyanides of Hy- 
drogen and Potassium. — Prussian Blue and Basic Blue, 
— Ferridcyanogen. — Scjlphocyanogen. — Compound* 
with Hydrogen and Potassium, — Melam^ Melamine, ifc. 

Cyan ATE of Potash (JTO, CyO) may be prepared by ox- 
ydizing cyanide of potassium by oxide of lead in an eiaith- 
en crucible ; the result boiled with alcohol yields, on cool- 
ing, crystals of cvanate of potash, in thin, transparent 
plates, which undergo no change in dry air, but with 
moisture become converted into bicarbonate of potash 
and ammonia. 

Cyanate of Ammonia — TJrea (GJEL^N^O^, — The vapor 
of hydrated cyanic acid, mixed with ammoniacal gas, 
yields cyanate of ammonia. The solution in water, when 
heated, gives off ammonia, and the cyanate changes into 
Z/rca, from which caustic alkalies can not disengage am- 
monia. Urea may also be made from the action of sul- 
phate of ammonia or cyanate of potash. 

What of fulminic acid ? What of cyanorio acid ? How is tiie cyanate 
of potaah made ? How may urea be formed artificially ? 
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JFmlmmate of Stiver (^AgO, C^N^O^) is made by dis- 
solving silver m warm nitric acid and adding alcohol. It 
Bepitrates from the hot liquid in white grains, which, being 
washed in water, are dried in small portions on filtering 
paper. It detonates with wonderful violence when ei- 
ther struck or rubbed. It is sparingly soluble in hot wa- 
ter, and crystallizes from that solution on cooling. It 
yields, by digestion with water and metals, salts, as those 
of zinc and copper. 

Fulminate of Mercury {2HgO, CiN^O^) is prepared in 
the same manner as the foregoing, and, like it, is very ex- 
plosive. It is used for making percussion caps. 

Chloride of Cyanogen (CyCV) is prepared by the action 
of chlorine on moist cyanide of mercury in the dark. It 
is a colorless gas, soluble in water, congeals at 0^, and 
boils at 11^ ; condenses into a liquid under the pressure 
of four atmospheres. When kept in this condition, in 
sealed tubes, for a length of time, it assumes the solid 
state, which form may also be given to it by acting on an- 
hydrous hydrocyanic acid by chlorine in the sun*s rays ; 
hydrochloric acid is foi*med, and the solid cyanide crys- 
tallizes. It exhales a peculiar odor, melts at 284^, and 
is soluble in alcohol and ether. 

FERROCYANOGEN. 

Ferrocyanogen (C^NiFe = Cfy) is an ideal compound 
radical. 

Hydrqferrocyanic Acid ( Cfy^ 2H) may be obtained by 
decomposing the insoluble ferrocyanide of lead by sul- 
phureted hydrogen while suspended in water. The so- 
lution being filtered, is to be evaporated with sulphuric 
acid in vacuo until the acid is left solid. It may also be 
prepared by agitating its aqueous solution with ether, or 
by adding hydrochloric acid to a strong solution of ferro- 
cyanide of potassium, and then mixing it with ether, which 
precipitates the acid. It is soluble in water, to which it 
gives a powerful acid reaction. It decomposes alkaline 
carbonates with effervescence, and does not dissolve ox- 
ide of mercury in the cold. In these respects, therefore, 
it strikingly differs from hydrocyanic acid. 

What is the process for preparing fuhninating silver, and what are its 
properties 1 Por what purpose is fulminate of mercury used ? What re- 
sults from the action of chlorme on cyanide of mercury in the dark 7 What 
is femx^aiic^en 7 How is hydroferrocyanic acid obtained 7 
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Ferroeyaimide cf TaUunmm — PruMnaU of Pciatk— 
(2£« Cfy'\- ZHO). — This salt is made on the luge scale b) 
igniting potash, iron filings, and animal matters in an iron 
Tessel ; the mass is then acted upon by hot water, winch dis- 
solves out a large quantity of cyanide of potassium, winch 
is converted into the ferrocyanide by the iron, aoid the 
filtered solution, on cooling, yields it in lemon-colored 
crystals, soluble in fi^ur parts of cold water. It is not 
poisonous. At a red heat it decomposes, and yields cy- 
anide of potassium. It is a very valuable reagent ; w& 
copper it yields a chocolate precipitate ; with protoxide 
of iron, a white ; and with peroxide of iron, Prussian hhie. 
Cknnmon Prussian Blue (2Cfy + AFe) is prepared by 
precipitating a persalt of iron by solution <^ferro<^aiiide of 
potassium ; when dry, it is of a deep blue, with a lustre of 
coppery-red. It is insoluble in water, is decomposed by 
alkaline solutions, which yield alkaline ferrocyanides, and 
precipitate oxide of iron. It is soluble in solution of ox- 
alic acid, and then constitutes the basis of blue wxiting 
inks, which are used for steel peos. It is also much em- 
ployed as a paint. 

Basic Prussian Blue (3 Q^, ^Fe -f- FeO^) is formed when 
the white precipitate, yielded by a protosalt of iron with 
ferrocyanide of potassium, is exposed to the air. As its 
formula shows, it is common Prussian blue, with perox- 
ide of iron. It differs from Prussian blue in the remark- 
able peculiarity that it is soluble in pure water. 

FEBHIDCYANOGEN. 

Ferridcyanogen (Ci^NaFe^ = Cfdy). — ^A hypothetical 
compound radical, which yields some compounds of in- 
terest. 

Ferridcyanide of Potassium (SJT + Cfdy) may be made 
by passing chlorine through a dilute solution of ferrocy- 
anide of potassium imtil it ceases to yield a precipitate 
with a persalt of iron. The liquid being concentrated, 
^elds, on cooling, deep-red crystals, the solution of which 
18 of a greenish color. It gives no precipitate with perox- 
ide of iron, but with the protosalts a bright blue, lighter 
than Prussian blue, and known as TumbuU's Blue. 

How is tlie pnissiate of potash prepared ? Is it poisonoas ? What color 
does it give with protoxide and peroxide of'inm? What is commoo 
Pnuwian blae ? What is its compositioD ? For what purposes is it JtMed f 
In what respect does basic Prossian blue diffisr from it f What is the con- 
stitution of ferridcyanogen 7 What is Tnmboll's bloe 7 
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Cobaltocyanogen^ a hypothetical radical, yielding com- 
poands analogous to the preceding bodies. 

Sulphocyavwgen {C^NS^) (Csy)^ a compound radical, not 
yet insulated with certainty. Its formula shows that it is 
a bisulphuret of cyanogen. 

Bydroivlphocyanic Add (CsyH) may be obtained by 
decomposing sulphocyanide of lead by sulphureted hy- 
drogen in water. The solution is decomposed by ebulli- 
tioh. It has the odor of acetic acid. It yields with per- 
oxide of iron a blood-red color. 

Sulphocj/anide of Potassium (KCsi/) may be made by 
heating powdered ferrocyanide of potassium with half its 
weight of sulphur and one third of carbonate of potash, 
and keeping it melted for a short time. The mass is then 
boiled with water, which dissolves out tho sulphocyanide, 
and the solution being concentrated, yields prismatic crys- 
tals of the salt. It is soluble in water and alcohol, and 
deliquesces in the air. It melts at a red heat. Its solu- 
tion with peroxide of iron yields a blood-red color. 

Melam (Ci^HgNu) is produced when sulphocyanide of 
ammonium is distilled at a high temperature, or by heating 
dry sulphocyanide of potassium with twice its weight of 
sal ammoniac. It is insoluble in water, but dissolves in 
strong sulphuric acid. When heated, it yields mellone 
and ammonia. . 

Mdamine ( G^^N^ is produced when melam is dissolv- 
ed in a hot solution of potash. It separates on cooling. 
It is a basic body, uniting with acids. 

Ammdine {Cell^NaOi) remains in the solution after the 
melamine has crystaJlizod. It may be precipitated with 
acetic acid. 

Ammelide (CizH^NqOq) is prepared by dissolving amme- 
line in sulphuric acid, and precipitating with alcohol. 

What are oobaltocyanogen and sulphocyanogen? What color doei 
hydRNralphocyaxiic acid yield with peroxide of iron ? By what ]proce8S is 
■Qlphocyanide of potassium made ? What results fiom the disnllation of 
Uie sulphocyanido of fumnonium 1 What are melamine, ammeline, and 
tmmekde? 

R 
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LECTURE LXXX. 

Mellonc — \jvLEA.—Mellone, Preparation of. — Mdhmia 
of Hydrogen and Potassium, — Natural and art^M 
Formation of Urea. — Uric Acid. — Bs Proparties,-^Ik^ 
rivatives of Unc Acid. — Parahanic^ Oxaluric, and Wr 
onuric Acids. — AJUoxantine. — Purpurate of Ammoma,'^ 
Xanthic and Cystic Oxides. 

Mellone (C^4^ z=Me). — ^If sulphocyanideof potaBsiam 
be acted upon by cblorme or nitric acid, a jeUow pow- 
der is deposited ; this, when heated, gives off bisnlpliant 
of carbon and sulphur, and there is left a yellowish pow- 
der, which is mellone. The relation of its constitatioii 
with cyanogen is obvious. It resists a moderate heat with- 
out change. 

HydromeUonic Add (M«jff ). — ^By adding hydrochlonc 
acid to a hot solution of mellonide of potassium, this acid 
separates as a white powder on cooling. It is partially 
soluble in hot water, and possesses strong acid powers. 

Mellonide ofPotassium {KMe) maybe prepared by melt- 
ing ferrocyanide of potassium with half its weight of sul- 
phur, and adding, when the fusion is complete, five per 
cent, of dry carbonate of potash. The resulting mass is 
acted on by water, and the solution being filtered, is evap- 
orated, until, on cooling, it forms a mass of crystals, finom 
which the sulphocyanide may be removed by alcohol, and 
the mellonide left. It is soluble in water, and yields, by 
double decomposition with the salts of baryta, lime, ^c, 
mellonides of these bodies, for the most part sparingly 
soluble. 

Urea {C^H^N^O^) may be obtained from urine by add- 
ing to it, when concentrated, a strong solution of oxalic 
acid. The precipitated oxalate of urea is to be Ixnled 
with powdered chalk, and the filtered solution concentra- 
ted until the urea crystallizes on cooling. It may also be 
made artificially by adding to a strong solution of cyanate 
of potash an equal weight of dry sulphate of ammonia ; 
the solution is evaporated to dryness in a water bath, and 

How is mellone prepared ? WTiat is the action of hydrochloric acid on 
the mellonide of potassinm ? How may area be made artificially ? 
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the urea dissolved out by alcohol. It crystallizes in prisms, 
▼ery soluble in water, but permanent in the air. At a 
liigb temperature it gives off £unmonia and cyanate of 
ammonia, cyanuric acid remaining. Urea Contains the ele- 
ments of cyanate of oxide of ammonium, has neither an 
acid nor alkaline reaction, is decomposed by hot alkaline 
solutions, with evolution of ammonia, and, by uniting with 
two atoms of water, yields carbonate of ammonia, a result 
"which takes place during the putrefaction of urine, the 
change being brought on by a nitrogenized ferment — 
the mucus of the bladder. Urea imites with acids, and 
forms, with nitric and oxalic acids, characteristic salts. 

Uric Acid — Lithic Acid ( C^JS^N^O^ — may be obtained 
firom the solid urine of serpents, which, being boiled in 
solution of caustic potash and filtered, yields uric acid, by 
the addition ofhydrochloric acid, as a white, inodorous, and 
sparingly soluble powder ; soluble without change in sul- 
jmuric acid, from which it is precipitated by water. Uric 
acid also exists in human urine, and appears to be always 
a product of the action of the animal economy. Of its salts, 
the urate of soda is interesting ; it is the chief ingredient 
of gouty concretions in the joints, called chalk-stones. 
The urate of ammonia occurs as a urinary calculus, and 
is often deposited from urine as a reddish cloud or pow- 
der. 

AUantoin {C^H^N^Oq) is prepared by boiling uric acid 
with peroxide of lead ; the filtered solution, being con- 
centrated, deposits prismatic crystals of allantoin on cool- 
ing. It is soluble in 160 parts of cold water. By a solu- 
tion of caustic alkali it is decomposed into ammonia and 
oxalic acid, assuming, during this change, the elements 
of three atoms of water. 

Alloxan {CgH^N^Oio) is made by the action of concen- 
trated nitric acid on uric acid in the cold. The uric acid 
is to be added in small portions successively, until about 
one third the weight of the nitric acid has been used. An 
effervescence takes place, and there is left a white mass, 
frt>m which the excess of acid is to be drained. The sub- 
stance is then to be dissolved in hot water and crystallized. 

What are its properties ? To what sabstance does it give rise in fer- 
mentatioii ? Under what circumstances does nric acid oocnr ? What are 
ihalk-stonefl 7 Under what (orm does nrate of ammonia occur? How 
may aUantoin be prepared ? What 10 the action of ccAd nitric acid on orio 
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n of alloxan, and an excess of carbonate of ammo- 
th caustic ammonia added, and the whole boiled, 
onurate of ammonia is deposited on cooling. From 
e lead salt, used in the preparation of the foregoing 
lay be obtained by acetate of lead. The thionurate 
nonia, with a little hydrochloric acid, being boiled 
isk, there separates a white body, which is uramile. 
3rs from thionuric acid in not containing the ele- 
of two atoms of sulphuric acid. If the thionurate 
nonia is mixed with dilute sulphuric acid and evap- 
in a water bath, Uramilic Acid is deposited ; it is 

xantine (CsH^N^O lo) is made when sulphureted 
ren gas is passed through a cold solution of alloxan, 
►roduct is filtered, washed, and boiled in water, 
deposits the alloxantine, on cooling, in ti*ansparent 
ic prisms, which turn red on exposure to ammonia, 
ibstance is alloxan, with one atom of hydrogen. A 
ution of it is decomposed when a stream of sulphur- 
lydrogen is passed through it, and Dialuric Acid 

'•exide — Purpuraie of Ammonia {C^JH.^Nf,0^ — may 
de by the action of dilute nitric acid on uric acid, 
en adding ammonia, or by boiling equal weights of 
e and red oxide of mercury with eighty times their 
t of water, rendered alkaline by ammonia. The 
turns of a deep purple color, and, when filtered, 
ts, on cooling, crystals of murexide in square 
I, which, by reflected light, are of a green metallic 
and, by transmitted light, of a purple. It is spar- 
loluble in cold water, but much more so in hot, and 
of the most splendid compounds known. 
"-exan — Purjmric Acid, — Murexide is to be dissolved 
>lution o^ caustic potash, and dilute sulphuric acid 
It forms a yellow powder, and, dissolved in am- 
, gives rise to the foregoing body. 
mic Oxide ( C^HiNiO^) occurs as a urinary calculus 
rown color and waxy aspect. The calculus may 
jolved in dilute potash, and xanthic oxide precipi- 

is alloxantine prepared ? What is the action of dilate nitric acid 
aonia on uric acid ? What is the color of the crystals of murexide t 
ly mnrexan he prepared 7 Under what ciicomstanoes do xanUuo 
10 cystic oxide occur f 

H H 
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tates as a white powder by carbonic acid. It is a waxj 
body. 

Cystic Oxide (C^HeNS^O^) occurs also as a urinary 
calculus. 



LECTURE LXXXI. 

The Vegetable Acids. — Tartaric Acid, Preparation 
of, — Salts of Tartaric Acid. — Acids allied to Tartar- 
ic, — Citric and its allied Acids, — Malic and its aUied 
Acids, — Tannic Acid, — Gallic Acid, — Acids allied to 
them. 

Op the vegetable acids several will be described with 
their associated alkalies. The following are those of 
which I shall treat in this Lecture : 

Tartaric . Cg HaOiq + ^HO, 

Paratartaric Cs HiOio - - 2HO. 

Pyrotartaric Ce HsOs - - HO 

Tartralic 2Cs H4O10 - - 3HO 

TartreUc Cs HaOiq - - HO, 

Citric CizHbOn - - 3//0. 

Aconitic dHOz -- HO. 

MaUc CbHaOs '-2HO, 

Maleic Ca HiOs "2HO. 

Fmnaric C4H O3 -- HO. 

Tannic CiaH&OQ --3HO. 

Gallic C7HO3 + '^HO, 

Ellagic Ci Hi04. 

Pyrogallic Ce HsOs. 

Metagallic Cq HiOi. 

Besides acids such as these, which constitute a veryna- 
merous group, there is another class, which pass under 
the name of Coupled Acids f the peculiarity of which is, that 
they consist of an acid afhxed or coupled to another body, 
which, without affecting the neutralizing power of the 
acid, accompanies it in all its combinations. Thus, hypo- 
sulphuric acid couples with naphthaline to form hyposul- 
phonaphthalic acid, which neutralizes just as much of any 
base as hyposulphuric acid itself could do, the naphtha- 
line not changing its powers. 

Tartaric Acid (CqH^Oio-{-2HO), — A bibasic acid which 
occurs, as has been already stated, in the juice of grapes 
and other fruits as bitartrate of potash. It may be ob- 
tained by dissolving cream of tartar in boiling w ater and 

What are cotipled acids ? From what source is tartaric acid derived ? 
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adding powdered chalk, a tartrate of lime precipitating. 
The rest of the tartaric acid may be obtained from the so- 
lution by the addition of chloride of calcium, which yields 
another portion of tartrate of lime, which may be decom- 
posed by digesting with an equivalent proportion of dilute 
sulphuric acid. The concentrated and filtered solution 
yields crystals acid to the taste, inodorous, and soluble 
both in water and alcohol ; the solution decomposes by 
keeping. Tartaric acid yields several valuable salts. 

Tartrate of PotashSoluble Tartar (2KO, CsH^O.o) — 
may be made by adding carbonate of potash to cream of 
tartar. It is very soluble. 

Bitartrate of Potash — Cream of Tartar {KO, HO, 
CJS^Oio). — This is the salt which is deposited from the 
juice of the grape during fermentation, as ArgoL It may 
be purified from the coloring matter it contains by solution 
in hot water, and the action of animal charcoal. In cold 
water it is very sparingly soluble. It yields black flux 
when ignited in a close vessel, the black flux being car- 
bonate of potash enveloped in carbonaceous matter. 

Tartrate of Potash and, Soda — Rochelle Salt — Salt of 
Seignette {KO, NaO, CsHiOio+ lOHO) — may be procured 
by neutralizing a solution of the foregoing salt with car- 
bonate of soda. On evaporation and cooling it separates 
in large, prismatic crystals. 

Tartrate of Antimony and Potash — Tartar 'Emetic 
{KOSb^Os, C«-H;0io+2^0).--This valuable medicinal 
agent is made by boiling oxide of antimony with a solu- 
tion of cream of tartar ; on cooling, the crystals are depos- 
ited. They are much more soluble in hot than in cold 
water, and dissolve without decomposition. 

Racemic Acid — Paratartaric Acid,— rThis remarkable 
acid, which has the same constitution as tartaric acid, and 
resembles it very closely, is found in the grapes of certain 
parts of Germany and France. Racemic acid, however, 
difiers from tartaric in yielding a precipitate with a neu- 
tral salt of lime. 

Pj/rotartaric Acid {CqHqOq+HO) is obtained by the 
destructive distillation of tartaric acid, coming over with 
a variety of other products. 

What is soluble tartar ? From what source is cream of tartar derired ? 
What is Rochelle salt ? How is tartar emetic prepared ? What is the 
relation between racemic and tartaric acids ? 
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The action of heat on tartaric acid is remarkable. When 
exposed to a temperature of 400° F., it melts, throws off 
water, and yields in succession three different acids, tar- 
tralic, tartrelic, and anhydrous tartaric acid, the constitu- 
tion of which, compared with tartaric acid, is as follows; 

Tartaric acid C^H^Ow+ZHO, 

Tartralic " 2CtH^Ow4-2HO. 

TartreUc " C^H^Oio-i- HO. 

Anhydrous tartaric C^H^Oiq. 

All these, by the continued contact of water, pass back 
into the condition of tartaric acid. 

Citric Add (^CizH^Oii+SlIO), a tribasic acid, occurring 
abundantly in the juice of lemons and other sour fruits, 
and separated therefrom by the aid of chalk and sulphur- 
ic acid. It is clarified by digestion with animal charcoal, 
and yields prismatic crystals of a pleasant taste, and sol- 
uble both in hot and cold water. The crystals are of two 
different forms, according to the conditions of their forma- 
tion ; those which separate in the cold by spontaneous 
evaporation contain five atoms of water, diree of which 
are basic ; but those which are deposited from a hot solu- 
tion contain only four. 

The citrates form a very numerous family of salts, for, 
as the acid is tribasic, we may have them with three atoms 
of metallic oxide, or two of oxide and one of water, or one 
of oxide and two of water, besides subsalts. 

Aconitic Acid — Equisetic Acid ( C^HO^ +- ^O)— is form- 
ed by fusing citric acid, and the resulting brown product 
is dissolved in water, the change being 

C,AO,^ ... = ... 3( CJIO^) + 5(H0), 
that is, one atom of hydrated citric acid yields three of 
aconitic acid and five of water. Aconitic acid is remark- 
able from occurring naturally in the Acmitum Napellus and 
JEquisetum Fluviatite, 

Malic Acid {CsH^Os+ 2JT0), a bibasic acid, occur- 
ring in the juice of apples and other fruits. It may also 
be prepared from the stalks of rhubarb, in which it occurs 
with oxalate of potash. It is a coloriess solid, soluble in 
water, the solution changing by keeping. When heated 
in a retort, it melts, and then boils, emitting a volatile 

Describe the action of heat on tartaric acid. From what source is^fric 
acid obtained ? How many classes of salts does citric acid yield ? What 
substance results from the fusion of citric add? From what sources is 
malic acid derived ? 
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B«ad, the Maleie Aeid, C^HiO, + 2H0, which condenses 
with the water in the receiver ; at the same time there 
ibmiB in the retort cryBtalhne scales of Fumaric Acid, 
C^HOi + HO, which may be separated from the unchang- 
ed malic acid by solution in cold water. It is to be ob- 
served that maleio, ftimai-ic, and aconitic acids are isomer- 
ic bodies. 

Tannic Add ( CuffjO, + 3H0). — An astringent princi- 
ple found in the bark of the oak, nut galls, and - '- 
other vegetable productions. It may be sep 
arated by placing in a vessel, fi, Ftg 272, 
powdered galls. On pouring on them sulphu 
ric ether, a Hquid drops through the funnel 
tube, c, into the bottle, a, spontaneously sepa 
rating into two portions; the lowci, which is 
a solution of tannic acid in water, is to be de 
canted and evaporated in presence of sul 
phuric acid in vacuo. It yields tannic acid, 
or tannin, in the form of an uncrj stalltzed 
mass. This acid is soluble in water, but much , 
less so in ether, ha^ an astringent taste, and | 
reddens litmus paper. With the ptrealts of 
iron it yields a characteristic and valuable precipitate of 
a black color, the basis of common vmting ink It forms 
insoluble compounds with starch, gelatine, and other or- 
ganic bodies, that with gelatine being of consideiablo in- 
terest. It is the basis of leather. From the characteris- 
tic precipitate it gives with that metal, it is used as a test 
for iron, which must, however, be in the state of peroxide, 
as the protosalts are unacted upon. The gradual dark- 
ening of pale writing inks is due to the gradual oxydation 
of the iron they contain. 

Cateehin (CJIJ)^).— There is a body extracted by hot 
water from catechu, called cateehin. It crystallizes in 
needles, and does not form an insolnble compound with 
gelatine, and gives a green color with persalta of iron. By 
the action of caustic potash in excess, it yields a black and 
insoluble substance. Japonic Acid. By the action of car- 
honate of potash, it yields Rubinic Acid. 



SM QAIXIC A€U». 



GmUic Acid ( QHO» + 2HO) may be formed by expos- 
ing a soladoa of tumic acid to the air, or by making 
powdered galls into a paste with water, and keeping it 
exposed in a warm place to the air for some weeks. The 
■nes is then presaea and boiled widi water. On cooling, 
tike solution preci{Htates a quantity of gallic acid, which 
may be purilied by re-crystallization. Like tannic acid, 
lhk» substance yields no precipitate with a protosalt of 
iron, but a deep bkie^black with a persalt. It does not, 
howerer, precipitate gelatine. Its crystals are soluble in 
one hnndred ports of cold and three parts of boiling vra- 
ter. The solution has an astringent taste. 

Tannic acid passes into gallic acid by oxydation, carbon- 
ic acid and water being evolved. 

CmAOu + O,... = .. . 2(CrHO^ + 2HO) -h 2{H0) 

-f 4(CO,); 

that isy one atom of tannic acid and eight of oxygen yield 
two of gallic acid, two of water, and four of carbonic acid. 

£IIa^ Acid (C^HiO^), or gallic acid minus one atom 
of water, may be extracted after the removal of gallic acid 
by an alkafi, and precipitated as a gray powder by hydro- 
chloric acid. 

Pyragallic Acid (C^H^O^) sublimes when gallic acid is 
heated in a retort to 420^. It is in the form of white crys- 
tals, which are soluble in water. It strikes a black color 
with the protosalts of iron. 

Metagallic Acid {C^^O^ is formed when gallic acid is 
suddenly heated in a retort to 500^. It is a black mass, 
insoluble in w^ater, but soluble in alkalies, from which it 
is precipitated as a black powder by acids. 

How may gaUic acid be prepared? How is ellagic acid procaredf 
What 15 the actioaofbeat QQ allic acidf 
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LECTURE LXXXIL 



The Veoetable Ai.k4lie8. — General Properties of Veg- 
etable Alkalies, — Morphia. — lis Preparation and Prop- 
erties. — Other Alkalies of Opium. — Meconic Acid. — 
Alkalies of Sark, Quina, Cinchona, Sfc. — Einic Acid. — 
Strychnia and Brucia. — Table of Alkaloids. — Artificial 
Alkaloids. 

The TBgetablo alkalies conetitule an extensive claaa of 
bodies, which are, for the most part, the active medicinal 
agenta of the plants in which they occur. Thoy are gen- 
erally sparingly soluble in water, but more soluble in 
boiling alcohol, of a bitter taste, and characterized by 
containing nitrogen. In thoir natural state they are unit- 
ed with an acid, and, possessing basic properties in a very 
marked manner, neutralize acids completely. This qual- 
ity seems to depend on the nitrogen they contain, and 
baa no reference to their oxygen, for the quantity of thia 
latter element which may be present seems to have no 
relation to their neutralizing power, and, indeed, in some 
of them it is not present at all. In many respects they 
axe analogous to ammonia, their salts, unlike those of 
some of the compound radicals, such as ethyle, &c., un- 
dergoing decompusition in the same manner as the salta 
of ammonia. Thus, thD chloride of ethyle does not de- 
compose the nitrate of silver, but the analogous com- 
pounds of ammonia and the vegetable alkalies do ; and 
these bodies may, therefore, be separated from the natural 
combinations in which they occur precisely as we should 
separate lime, or potash, or magnesia in their salts. 
Most of the vegetable alkalies are poisonous bodies, and, 
indeed, among them we meet with some of the moat ter- 
rific poisons known. There are several recently-discov- 
ered artificial substances, such as Aniline, and those con- 
taining arsenic and platinum, which ought to be classed 
with these basic bodies. 

What are the yeBetttble alkBlies ? What eloiDBBt do they all crailain T 
In what camdidoD are they conunonly foond ? Wbat are tlieir relationi to 
scid bodieil What are thoir geDorBl proportiosl Havo any ul theni 
beeD made artificiiiUy 1 
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Of the numerous vegetable alkalies, those which I shall 
now describe are the most important. 

Morphia ( C^H^NOq -f 2H0). — This substance is the 
active principle of opium, and was the first discovered of 
these alkalies. It was insulated by Sertuerner in 1803. 
It may be prepared by mixing a concentrated infusion of 
opium with a solution of chloride of calcium in excess ; 
the mixture, when warmed, deposits a precipitate of rae- 
conate and sulphate of lime, and the hydrocblorate of mor- 
phia remains in solution. From this it may be crystal- 
lized by evaporation, and a dark liquor, containing nar- 
cotine and coloring matter, separated by pressure in a 
piece of flannel. The impure hydrocblorate may be re- 
dissolved and re-crystallized, and, by repeating the opera- 
tion, or resorting to animal charcoal, it may be obtained 
quite white. The salt may now be dissolved in hot water 
and acted on by an excess of ammonia, which throws 
down pure morphia as a white precipitate. It may be 
obtained in crystals by solution in alcohol. 

Morphia is almost insoluble in water; it neutralizes 
acids, and forms crystallizable salts. Its solution is bit- 
ter. It dissolves readily in dilute acids, and yields a deep 
orange-red color when acted on by strong nitric acid. 
The most common of its salts are the hydrochloi'ate, the 
sulphate, and the acetate. 

Narcotine {C^H^^NOi^) is associated with morphia in 
opium. It may be obtained by digesting the insoluble 
portion with dilute acetic acid ; the precipitate produced 
by ammonia is to be dissolved in alcohol, and purified by 
animal charcoal. It yields prismatic crystals, insoluble in 
water, and is a weak base. By the action of peroxide of 
manganese and sulphuric acid, and by bichloride of plati- 
num, it yields an extensive series of bodies, some of which 
are acids and others bases. 

Codeine (C^^io^O^), — The hydrocblorate of morphia, 
prepared as above described, contains this base ; and when 
the precipitation with ammonia is made it remains in so- 
lution. When pure, it crystallizes in octahedrons, and is a 
powerful base. Along with this body, in opium there oc- 
casionally occur other substances of less importance, as 
Tkebaine, Fseudomorphine, Narceine^ and Meconine, 



From what is morphia obtained ? "When was it discovered ? Give a 
process for its preparation. How is narcotine prepared ? What are its 
properties ? What other alkaline bodies are obtained from opiom ? 
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Meconia Add (O^jyOu, 3J3'0).^A tribasic acid, asso- 
ciated with morphia in opium. It may be obtained from 
the meconate of Hme, which precipitates in the prepara- 
tion of morphia by mixing it with warm dilute hydro- 
chloric acid, and repeating the operation until all the 
lime is removed. When purified from coloring matter, it 
crystallizes in scales, which are soluble in water and al- 
cohol. "When heated, it loses six atoms of water of crys- 
tallization ; and if its solution be boiled, or the dry acid 
heated in a retort, Comenic Acid, CigiljOg, 2H0, a biba- 
sic acid forms with the disengagement of water and carbon- 
ic acid. Meconic acid yields, with the persalts of iron, a 
blood-red solution. It forms several series of salts, like 
all tribasic acids. 

Comenic acid, when heated, yields carbonic acid and a 
new body, Pyromeconic Acid, with a small quantity of an- 
other substance, parameconic acid. Pyromeconic acid is 
composed of CioA^Og, HO, 

Quina — Quinine (Cj^H^c^NO.^. — This, which is one of 
the most valuable of the vegetable alkalies, is obtained 
from Cinchona Bark. The decoction of the ground bark 
in dilute hydrochloric acid is to be boiled in an excess of 
milk of lime, and the precipitate acted upon by boiling 
alcohol ; on evaporation Cinchona is deposited in crystals, 
but the quina remains in solution. It may be precipitated 
by the addition of water, and obtained in crystals from 
the spontaneous evaporation of its solution in absolute al- 
cohol. Quina neutralizes acids perfectly, giving rise to 
salts, of which the hydrochl orate, phosphate, sulphate, 
&c., are employed in medicine. It is sparingly soluble 
in water, but very soluble in alcohol or acids. The basic 
sulphate of quina, a common preparation, is sparingly sol- 
uble in water, but the neutral sulphate is much more so. 
For this reason, sulphate of quina is often dissolved in di- 
lute sulphuric acid. 

Cinchona [Ci^H^^NO), — This alkali is obtained, as just 
stated, in the preparation of quina, with which it is asso- 
ciated in bark, and is found in large quantity both in the 
gray and red bark. It crystallizes in prisms, is sparing- 
How is meconic acid procured ? What i« the action of heat upon it ? 
What color does meconic acid yield with persalts of iron ? When comenic 
acid is heated, what acids does it yield? From what source is qoina de- 
riyed 7 How is cinchona prepared ? 



370 



STRYCHNIA. ^BEUCIA. 



ly soluble in water. Its salts, like those of the foregoing, 
are very bitter. 

Two other analogous bodies exist in different species 
of bark. They are Chinoidine and Aricine, 

Kinic Acid ( C^JSxxOvi, HO) is associated with the fore- 
going bodies in bark. It is obtained by decomposing the 
kinate of lime, obtained in the manufacture of sulphate of 
quina by oxalic acid, filtering the solution from oxalate 
of lime, and the kinic acid crystallizes on evaporation. It 
is very soluble in water. 

Strychnia {C^Hg:iNiO^ occurs in Nux Vomica, St. Ig- 
natius* s Bean, in the poison Upas Tieute, and other vege- 
table products. It may be extracted from nux vomica 
seeds by boiling them in dilute sulphuric acid, and then 
acting with lime and alcohol as described in the case of 
quina. 

Strychnia requires 7000 parts of water for solution, and 
communicates to it an intensely bitter taste. It is one of 
the most violent poisons known. Its alkaline powers are 
well defined, and it produces a complete series of salts. 
It is soluble in hot alcohol, but not m ether. The anti- 
dote for an over-dose of it is an infusion of tea, 

Brucia (C^^^NiOj) is 'associated with strychnia, and, 
being very soluble in cold alcohol, is readily separated 
from it. It is also more soluble in hot water, and pos- 
sesses the poisonous character of strychnia. These sub- 
stances are found in union with Igasuric Acid. 

The following table gives the names of other vegetable 
alkalies, and bodies analogous to them : 



Aconidne. 

Antearine. 

Asparagiiie. 

Atropine. 

C affeine — Theine. 

Chelidonine. 

Chinoidine. 

Colchicine. 

Conine. 

Corarine. 

Dapbnine. 



Datorine. 

Delpbinine. 

Elaterine. 

Emetine. 

Gentianine. 

Hesperidine. 

Hyosciamine. 

Meconine. 

Narceine. 

Narcotine. 



Picrotoz^le. 

Piperine. 

PUoridzine. 

Popnline. 

Salicine. 

Soiauine. 

Btramonine. 

Thebaine. 

Theobromine. 

Veratrine. 



Of some of these bodies, as nicotine and conine, it may 



What otiber alkalies exist in bark ? With what acids are these bodies 
associated ( From what sources is strychnia procured ? What are the 
L!?®7 w^L'^T^i^'^J ^b*' " t^e best antidote to its poisonous ef- 

v^foM 'S v^"^^ °''*®'' *^*^ " i* aasociated? Mention wmc other 
vegetable alkalies. 



COLORING BODIES. 871 

be remarked that they are volatile oily liquids, wliich can 
form crystallizable salts and acids. They both contain 
nitrogen, and are interesting in their relations to the three 
following bodies, which may be formed artificially. 

Aniline ( Cl^H^N). — This substance is formed by the ac- 
tion of potash on isatine, and is also one of the ingredi- 
ents of the oil of coal tar. . It is an oily liquid, boils at 
358°, and yields crystalline salts with acids. 

Leukol ( CigHsN). — Formed with the foregoing in oil of 
coal tar, from which it may be separated by distillation. 
It is also an oily liquid, and can yield crystallizable salts. 

Quinoline { CisHgN). — Formed by distilling quinine or 
strychnine with caustic potash. An oily liquid, very bit- 
ter, strongly alkaline, and yielding crystallizable salts. 

Besides these bodies there are other artificial bases of 
an analogous nature, but which di£fer in the remarkable 
particular of containing platinum and arsenic ; such, for 
example, as the platina bases of Reiset and Gros, or the 
arsenico-platinum radical kakoplatyle. The formation of 
these organic bases leads us to hope that the vegetable 
alkalies themselves will hereafter be artificially formed. 



LECTURE LXXXIII. 

The Coloring Bodies. — General Properties of Color- 
ing Principles, — Madder, — Hcematoxyline, — Cartha- 
mine. — Yellow Colors. — Chlorophyll, — Indigo. — Std- 
phindigotic Acid, — Deoxydized Indigo, — Action of 

. Heat and Reagents on Indigo, — Litmtcs. — Carmine, 

The coloring principles derived firom the organic king- 
dom may be conveniently divided into two classes : the 
non-nitrogenized and the nitrogenized. They may also 
be readily classed into groups, as bluQ, red, yellow, green. 
For the most part they are derived from vegetable pro- 
ductions. 

For some coloring matters the fibres of those tissues 
commonly employed for clothing have a sufficient affinity 
as to hold the color so that it can not be removed by mere 

What analogous sabstances have been formed artificially ? What may 
be remarked as respects the salts of Reiset and Gros ? How may oolor- 
iuj^ principles be classified ? 
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Wftshing, and is permanently dyed. But in other in- 
itances this is not the case ; the artist then has to avail 
Inmself of the qualities possessed by intermediate bodies, 
Bach as alumina and the oxide of tin, which at once pos- 
sess the double quality of an affinity for the coloring mat- 
ter and an affini^ for the cloth fibre. The attraction of 
diese bodies for coloring matter may be illustrated by 
precipitating alumina in a solution tinged by litmus ; the 
solution becomes perfectly clear, its color going dowu 
with the precipitate, and forming with it a lake. 

NON-NITILOGENIZED COLORING MATTBBS. 

The Blue non-nitrogenized coloring matters are chiefly 
found in flowers and fruits. They are reddened by acids, 
and turned green by alkalies. 

The Red non-nitrogenizing coloring matters are of 
some importance ; among them may be mentioned Mad- 
der Red, the sublimed crystals of which are known as Ali- 
zarine {CyjHi^Oio), Madder also furnishes a purple and 
a yellow color. 

HcBmataxyline {C^H^Oi^ is the coloring matter of log- 
wood ; it is soluble in water and alcohol, and furnishes, 
with iron salts, the black dye for hats. The same princi- 
ple is yielded by Brazil-wood and cam-wood. Cartha- 
fnine is a very beautiful red, obtained from safflower ; it 
is used for making pink saucei's. 

The Yellow coloring matters. Among these may be 
mentioned Quercitrine (Cx^H^O^y HO), derived from the 
(^lercus Tinctoria ; Gamboge, the dried juice of the Gar- 
cinia Gamhogia ; Tarmcric, used as a test for alkalies, 
which turn it brown, from the Curcuma Longa ; and 
AnattOy from the seeds of the Bixa Orcllana, 

The Green coloring matters. Chlorophyll, the constitu- 
tion of which is not known. It is the green coloring mat- 
ter of leaves. It Ls insoluble in water, but soluble in al- 
cohol and ether, and is a fatty substance. It is also foimd, 
under very interesting circumstances, in the animal sys- 
tem as the coloring matter of bile. 



From whnt soim-j; arc tlio blno Tion-nitrotjenizcd colors obtained ? What 
is nlizarin*'? Whnt nro I)8>matoxyline ami rarlhnmine ? From what 
•purees are quercitrine, gamboge, tnm>cric, and anatto derived ? What is 
chlorophyll ? 
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The Tjitrogenized coloring matters, among' which ar^fl 
aonw of the moat valuable dyes that we posaess, may alBQ'f 

I he divided according to their tint. 

. - Indigo ia derived from the jaice of several spec 
Indigofera, and ia formed from a colorless or yeliov 
pound which is dissolved out from the leaves of the*» A 

Slants when they are allowed to ferment with water. A ( 
eap blue precipitate (liidigo) forma. It appeara, there- ' 
fore, to be a product of oxydation. It comes in com' 
merce in ainaU masaes, vrhich, when rubbed, exhibit e 




coppery aspect, is insoluble in water, alcohol, dilute 
cids, and alkalies, and may be sublimed, yielding a pn^- 
3 Tapor, which condenses into crystals of pure ininp 



It dissotves in about fifteen parta of strong sulphuric acid, 
but still better in Nordhausen oil of vitriol, yielding a 
inaaB which is soluble in water. It is SulpMndigotic Add. 
By contact vrith deoxydizing agents, blue indigo becomes 
colorlesB, as may be shown by digesting powdered indigo, 
green vitriol, hydrate of lime, and water together. In 
this state, as in its natural coudition, it is soluble in wa- 
ter, and white indigo may be precipitated by hydrochloric 
acid. On exposuni to the air, deoxydized indigo absorbs 
□in-een rapidly, and becomes blue and insoluble. 

When indigo ia submitted to destructive distillation it 
yields an oily liquid. Aniline, possessed of powerfully 
basic properties, and described in the last Lecture. 

The relation which exists between blue and white indi- 
go is seen from their iurmulas. 



By several chemists indigo ia regarded as containing a 
Iiadical, Anyle, ^ Ci6iI,JV, the symbol for which is An. 
On this view, blue indigo is the anhydrous deutoxide of 
anyle, AnO., and white indigo the hydratod protoxide, 
AxO, HO. 

Under the action of heat and of reagents, indigo yields 
an extensive class of bodies, to which much attention has 
been given. In this place I can do little more than enu- 
merate some of them. With dilute nitric acid it yields 

Prom wlint unnrrH iBi".li^-n rlorivod ) Hiiw ia suljiIiluriinuLlc acid made T 
Wh«t ia deoiydiied iudigo 1 How is aoiliue made 7 WhoD i« die relt 
tioa bietneen Wno and wtile indijo 1 What is anyle 1 
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Anilic or Indigotic Acid, With strong nitric acid it yields 
Picric or Carbazotic Acid, a substance of a yellow color, 
bitter taste, and forming explosive salts. Heated with 
bichromate of potash, sulphuric acid, and water, it yields 
Jsatine^ which crystallizes in red prismatic crystals, and 
contains the elements of blue indigo, with two additional 
atoms of oxygen. This body, under the influence of an 
alkaline solution, unites widi one atom .of water, and 
changes into Isatinic Acid. Under the influence of chlo- 
rine, isatine yields Chlarisatine, by an atom of chlorine 
substituting one of its hydrogen atoms, and Bichlorisatinef 
by the substitution of two chlorine atoms for two hydro- 
gen ones ; and these, again, as in the case of isatine itself, 
acted upon by alkaline solutions, yield each an acid 
Caustic alkalies, acting on indigo, yield Crysanilic and 
Anthranilic Adds. 

Litintis is derived from the Rocdla Tinctoria^ Lecanora 
TartareUf &c. These lichens yield to ether a crystalline 
substance, to which the name Lecanorine is given. It 
does not contain nitrogen. It is in white crystals, soluble 
in hot alcohol and ether. This substance, heated with 
baryta or alkalies, yields Orcine, by losing two atoms of 
carbonic acid. Orcine crystallizes in prisms, which have 
a yellowish tint and a sweet taste. Mixed with ammonia, 
and exposed to the air, oxygen is absorbed, and the liquid 
assumes a deep purple tint. From this acetic acid precip- 
itates a deep-red powder, Orceine, CiJS^NO^y which con- 
tains nitrogen, and is supposed to be the basis of the dye 
stuff of litmus. With alkalies it gives a blue color. Lit* 
mus is extensively used in chemistry as a test for acids 
and alkalies. 

Carmine is the coloring matter of the cochineal insect, 
Coccics Cacti, The coloring matter may be obtained from 
tho insect by water or ammonia. The carmine of com- 
merce is a lake containing alumina. 

Aloes is the inspissated juice of certain species of Aloe, 
used as a purgative medicine. When heated with nitric 
acid, and water added, a yellow precipitate is thrown 
down, which, when purified, is Chrysammic Acid. It 

" - ■ - - — 

What arc indi^tic acid, carbazotic acid, and isatine ? What \b the eflfect 
of alkaline sohitiong on isatine ? What is the effect of chlorine upon it T 
From what Bources is litmus derived? What are orcine and orceinef 
From what sourro is carmine derived? How is chrysamzuic acid pro- 
poi'od ? 
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yields yellow crystals of a bitter taste, and famishes a 
solution of a purple color. Its salts are crystallizable, by 
transmitted light of a red color, with a green metallic re- 
flection like murexide. The liquid from which this acid 
was precipitated contains picric acid. 



LECTURE LXXXIV. 

The Fatty Bodies. — Properties of the Saponijiahle Fats. 
"-^Distinction between Fixed and Volatile Oils, — Prep^ 
aration of Soaps, — Stearine and Stearic Acid, — Mar^ 
gari/ne and Margaric Acid, — Oleine and Oleic Acid. — 
Margarone, — Production of Glycerine, — Natural Oils, 
as Palm Oil, Cocoa Tallow, and Nutmeg Butter,^^ 
Spermaceti. — Cholesterine, — Three Classes of Volatile 
OUs, — The Camphors, 

This class of substances is characterized by several 
vrell-marked peculiarities, and may be conveniently di- 
vided into two natural groups, oils and fats. They belong 
both to the vegetable and animal systems. In the former 
they usually abound in the seeds or fruits ; in the latter 
they are deposited in the cellular structure of the adipose 
tissue. The natural fats are usually mixtures of two or 
more ingredients, which differ from one another in con- 
sistency. In most instances they are stearine and mar- 
farine, along with a liquid oleine. The oils can not be 
istilled without undergoing decomposition ; exposed to 
the air, they gradually absorb oxygen and evolve carbonic 
acid. Many of them, in which this change takes place 
with rapidity, turn into resinous bodies ; and hence their 
application, in the art of painting, as drying oils. When 
acted upon by alkalies, the fixed oils and fats give rise to 
soaps, and hence are spoken of as Saponifiable. 

Oily bodies may be divided into fixed and volatile. 
The fixed oils decompose when heated ; the volatile ones 
distill. A simple test, therefore, is sufficient to distinguish 
them. When a few drops of an oily substance are put on 
paper, if it be a volatile oil it soon evaporates, and leaves 

Into what natural groaps may the fatty bodies be divided ? What are 
the natural fats ? What change do the drying oils undergo ? How may 
the iLied oDs be distinguished from the volatile ? 
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the paper without a stain ; if fixed, the paper remains 
greasy. The fixed oils have but little odor, the volatile 
oils commonly a characteristic one. They are all insol- 
uble in water ; many of them are soluble in alcohol ; but 
in ether they are freely dissolved. 

By exposure to a low temperature the constituent prin- 
ciples oi a mixed oil may often be separated from each 
other, the more solid substances separating as the tem- 
perature descends. When olive oil is thus treated, an 
exposure of 40^ F. causes a deposit of Margarine : the 
fluid portion which is left is Oleine, Animal fats exposed 
to pressure between folds of blotting paper communicate 
to It oleine, and the solid residue which is left behind is a 
mixture of margarine and Stearine, When the fixed fats 
are boiled with alkaline solutions, Soaps are formed; 
these substances, which are of extensive use in domestic 
economy and the arts irom their detergent qualities, are 
fi-eely soluble in water. In the process of making them, 
the fats undergo a change ; they form ti'ue acids, stearine 
yielding stearic acid, margarine margaric acid, and oleine 
oleic acid, which may be set free by decomposing the 
soap with an acid. With them there is also formed a 
sweet substance. Glycerine^ which appears to be the same, 
whatever fat may have been originally employed. Of 
the varieties of soap met with in commerce. Soft Soap is 
made from potash, combined with whale or seal oil; Hard 
White Soap from tallow and caustic soda ; Hard Yellow 
Soap from soda, tallow, palm oil, and resin. In the prep- 
aration of white soap the alkaline solution is made to boil, 
and tallow added in small portions until no more can be 
saponified ; the solution now contains soap and free gly- 
cerine ; the former is separated by the addition of com- 
mon salt, in a solution of which it is insoluble. It floats 
on the top of the liquid. It is then run into moulds, and 
cut into bars for commerce. In this process the manu- 
facturer does not add so much salt as to separate all the 
water. Commercial soap still contains from 40 to 50 per 
cent. 

Stearine may be obtained from purified mutton fat by 



What is the difference of their properties ? "WTiat is the effect of a re- 
duction of temperature on mixed oils ? Into what mav olive oil be thus 
decomposed ? What are soaps ? How may the different varieties be 
formed ? How is stearine prepared, and what are its properties ? 
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Buffering a warm ethereal solution to cool. The stearine 
crystallizes, and margarine and oleine are left in solution. 
A. repetition of the process purifiers it. It is a white body, 
insoluble in water and in cold alcohol. It melts at 130^. 
When saponified, it yields glycerine and stearic acid. 

Stearic Add [Co^Ho^Of) may be crystallized from a hot 
alcoholic solution, .is.insoluble in water, and without taste 
or smell. It is soluble both in alcohol and ether, melts 
at 158^, and may be volatilized without change. 

Margarine, — This substance remains with oleine in the 
ethereal solution arising in the preparation of stearine, 
and may be obtained from it by evaporation and pressing 
the soft mass in paper. Margarine is found more abund- 
antly in human than in other kinds of fat. 

Margaric Acid [Cq^Hq^O^ is prepared by saponifying 
margarine with potash and decomposing with hydrochlo- 
ric acid. It is also fonned with other products by the 
distillation of stearic acid. It crystallizes in white nee- 
dles, its melting point being 140^. 

Oleine* — When almond or rape oil is dissolved in ether 
and the solution exposed to a low temperature, the mar- 
garine crystallizes, and oleine may be obtained by evap- 
orating the ether. It remains liquid at a temperature of 
0*^. From it Oleic Acid [C^H^O^ may be obtained by 
saponification and decomposition with muriatic acid, as in 
the foregoing instances. Its melting point is about 20^. 
It gives rise to a class of salts. 

Margarone {GoQHeeOi). — When a mixture of margaric 
acid and lime is distilled this substance is formed, and 
carbonic acid separates. It is a white solid, like sperma- 
ceti, and melts at 170^. 

Glycerine (CgiJa^e)' — This substance arises when any 
fatty matter is saponified with potash, the soap being de- 
composed with tartaric acid, and dissolving the glycerine 
out by alcohol. It is a colorless liquid, specific gravity 
1*26 ; it is soluble in water and alcohol, but not in ether. 
It may be cooled to a veiy low point without assuming 
Ae solid form. When mixed with sulphuric acid, the 
two bodies unite directly, and Sulj>hoglyceric Acid is 

What ifl the process for preparing stearic acid ? How are margarine 
and margaric acid obtained ? "What are the properties of oleine ? How 
is oleic acid made ? What is margarone t Under what circum8tanc<» 
does glycerine form ? 

Ii2 
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the result: an acid having many analogies with sul- 
phoyinic. 

Palm Oil is brought from Africa, and much of it used 
in the manufacture of yellow soap. It is of a reddisli- 
yellow^ color, and contains, besides oleine, a solid fat, Fal- 
fmitine. It is insoluble in water, slightly soluble in hot al- 
cohol, but very soluble in ether. Its meeting point is 118^. 
By saponification and decomposition with an acid, it yields 
PeUmitic Acid, the melting point of which is 140^. It is 
a bibasic acid. 

Cocoa Tallow. — ^A solid fat obtained fr*om the cocoa- 
nut, and used in the manufacture of candles. Its oleine 
and stearine may be separated by pressure, or by boiling 
alcohol, from which the stearine crystallizes on cooling. 
Among other fatty substances and allied bodies may 
be mentioned Nutmeg Butter, which yields, among other 
products, Myristicine, and by saponification, Myristie Acid, 
Mlaidine, which arises from the action of nitrous acid on 
oleine ; it furnishes, by the common process, Elaiik 
Acidn Suberic Acid, which arises from the action of nitric 
acid on cork. Succinic Add, by the destructive distilla- 
tion of amber, or by the continued action of nitric on 
stearic acid. Sehadc Acid, by the destructive distilla- 
tion of oleic acid. Butyrine, Caproine^ and Caprine^ 
which are contained in butter. These yield, by saponifi- 
cation and decomposition. Butyric, Caproic, and tJapric 
Acids. Butyric acid can be made, as we have seen, ar- 
tificially by fermentation. Bees* Wax is a mixture of two 
bodies : Cerine, which may be dissolved by boiUng alco- 
hol, and Myricine, which is insoluble therein. Spermaceti, 
which is obtained from certain species of whales, yields, 
under the process for glycerine, a substance, EtJud, and 
this, under the action of hot potash, gives Ethalic Add, 
with evolution of hydrogen gas. Cholesterine is obtained 
from biliary calculi ; it also occurs in the substance of the 
brain. 

The Volatile Oils. — These, for the most part, are 
found in plants, or are derived from them by simple proc* 
esses. Many of them are extensively used in the arts in the 

What are palm oil, palmitine, and palmitic acid T Mention some other 
bodies belonging to the same class. From what are suberic, succinic and 
sebacic acids derived ? What bodies are contained in butter, and what 
acids do they yield? What two substances are found m bees* waxf 
From what are spermaceti and cholesterine derived? « 

Dd 
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nufacture of varnishes, and others in the preparation 
perfumery. Their solutions in alcohol form Essences, 

in water Medicated Waters, They are commonly 
iined by the distillation of those parts of the plants in 
eh they occur, with water, and consist of two substan- 

a solid portion, Stearopten, or camphor, and a true oil. 
sy may be divided into groups according to their coii- 
itiou. 

Volatile Oils cotUmninff Carbon and Hydrogen. 



Turpentine. 
Citron. 
Copaiva. 
Btorax. 



Bergamotte. 
Cubebs, 
d:c. 



Volatile Oils containing Carbon, Hydrogen, and Oxygen, 

Cajepat. Pennyroyal. 

Lavender. Valerian. 

Hosemary. Spearmint 
Peppermint. &,c. 

Volatile Oils contatnir^g Sulphur, 

Black mostard. I Onions. 

Horseradish. | Asafcetida. 

'he stearoptens (camphors) of the volatile oils are best 
resented by common camphor, which is extracted from 
Laurtcs and Dryabalonops Camphara by distilling with 
er. It is a white, tough, semitranspareut mass, light- 
han water, of a well-marked odor, melts at 350^, and 
a after sublimes rapidly unchanged. Artificial Cam- 
r is made by passing dry muriatic acid gas into oil of 
>entine. It is a muriate of oil of turpentine. The 
) camphors originate in several different ways ; some- 
33 by the oxydation of the oils from which they are 
ived ; sometimes they are hydrates of those oils j and 
tetimes they are isomeric with them. 

bo what gronps may the volatile oils be divided ? What are the cam- 
I? What is common and artificial camphor? 
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LECTURE LXXXV. 

The Hesins, Balsams, and Bodies arising in Destruc- 
tive Distillation. — Colophony , Chim Lac, Amber, Sfc, 
— India-rubber, — Bal sams. — Prodticts of the Destructive 
Distillation of Wood. — Paraffine^ EupionCj Creosote, and 
allied Bodies, — The Destructive Distillation of Coal, — 
Naphthaline, Paranaphthaline, Kyanol, Carbolic Add, 
—Products of slow Decay, — JJlmine and Ulmic Acid,— 
Crenic and Apocrenic Acid. — The Varieties of Coed and 
other subsidiary Bodies. 

The resins are bodies in many respects analogous to 
the camphors, but are distinguished from them by the cir- 
cumstance that they are not volatile without decomposi- 
tion. In many instances they act as acids ; they all con- 
tain oxygen. 

Colophony is a mixed resiii, obtained by the distillation 
of turpentine with water, the oil of turpentine passing over. 
It is a mixture of two resins, Pinic and Sylvic Adds, which 
may be separated by cold alcohol, in which sylvic acid is 
insoluble. 

Gum Itac, which is one of the resins, occurs under three 
forms : shell lac, stick lac, and seed lac. It is used in the 
preparation of lacquers, and is the chief ingredient in seal- 
mg-wax. Among other resins may be mentioned Copfl/, 
Mastic, Dragon^ s Blood, Gamboge, Sandarac, and Doin- 
mara Resin. 

Amber is a substance belonging to this class. It is form- 
ed in beds of bituminous wood, and often incloses insects 
in a state of beautiful preservation. Its specific gravity 
is about 1-07. By distillation it yields succinic acid. 

Caoutchouc — Indian-rubber^ or Gum-elastic — is the 
product of the Jatropa Elastica, the Hcevea Caoutchouc, and 
several other tropical trees. The milky juice which they 
yield is dried on moulds of various forms ; it turns of a 
black color by being smoked. From its imperviousness 

What are the resins ? "SVhat substances may be obtained from coloph- 
ony 1 "What is gum lac ? What acid does amber yield by distillation T 
From what sources is India-rubber derived ? What is the cause of its 
black color 7 
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to water, this substance has of late been introduced for a 
great variety of purposes. It is combustible, burns with 
a bright flame, is soitened by boiling water, and still more 
so by ether. In ether, as also in naphtha and coal oil, it 
may be dissolved. Bags of it, soaked in ether until they 
become gelatinous, may be distended, by blowing into 
them, to a very great size, and thus become useful for a 
variety of purposes. Very few chemical agents act upon 
India-rubber : it is extensively used for connecting the 
parts of chemical apparatus. 

Balsams are compounds of resins with volatile oils ; 
some of them also contain benzoic or cinnamic acids. 
Some, as benzoin, are solid ; and others, as the Balsams 
of Tolu and Perw, are viscid fluids. 

THE PRODUCTS OF THE' DESTRUCTIVE DISTILLATION OF 

WOOD, &c. 

When wood is submitted to distillation in close vessels, 
a black, inflammable liquid called Tar is formed ; it con- 
tains a great many remarkable bodies, among which the 
following may be mentioned. The solid black residue 
which is left after the distillation or inspissation of tar 
constitutes Pitch. 

Parajffine (CH) is obtained by distilling tar^ several 
oils coming over : it is from the heaviest that this substance 
is extracted. It is a solid substance, lighter than water, 
of a fatty appearance ; it melts at 111° F., and distills 
unchanged. Few chemical agents act upon it : it remains 
unchanged by the alkalies, acids, &c., but is soluble in 
tui'pentine and naphtha. From its chemical indiflerence 
it has obtained its name {Parum Affinis), 

Eupione (C^Hq) occurs abundantly in animal tar, from 
which it may be prepared by distillation, and subsequent- 
ly purified by rectification from sulphuric acid. From 
paraffine it may be separated by exposure to cold, or, 
being more volatile^ by distillation. It is a colorless li- 
quid, specific gravity .074 ; it boils at 339° F. It is in- 
soluble in water, but veiy soluble in alcohol. 

Creasote is extracted from the heavy oil of tar by a 
complicated process. It is an oily, colorless liquid, of a 
burning taste, exhaling a powerful odor of wood smoke. 

How may it be softened, and in what dissolved ? What are the bal- 
sams 7 What are tar and pitch ? What properties distinguish paraffine f 
Wliat are tlie properties of eupione ? 
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It is Bliphdy beavier than water, boils at 400^ F., is con-l"'^ 
bustible. One hundred parts of water dissolve about 1}I"^ 
of this bubstance, and obtain its peculiar odor. It has the 1^ 
remarkable property of coagulating albumen and presen- V^ 
ini; flesh from putrefactive changes. From this latter d^ 1^ 
cumstance its name is derived. rj 

Among allied substances may be mentioned Picamar^ 1^ 
an oily liquid of a bitter taste, which boils at 518^ F., ani 1^ 
combines >vith bases to form crystalline compounds. 'Eof- y 
nomar, a colorless liquid, having an odor of rum ; boils tt I'' 
360^ F., and forms, with oil of vitriol, a purple solatioD. 
CVi/ftVf/, which forms red crystals, giving, vidth creasotey 
a purple solution, and \vith sulphuric acid a blue. Pttts- 
Xd/, a dark blue solid, which yields blue precipitates with 
metallic salts. It contains nitrogen. 

When coal tar is submitted to distillation, like wood 
tar« it yields a volatile oil, which, by being submitted to 
riH-titioatiou, becomes Coal OH, or Artificial Naphtha, 
Fn^m it a variety of substances may be extracted ; they 
either pre-exist in the oil, or are formed by the operation. 

Naphthaline (C^JEI^) is obtained by rectifying coal 
gas tar ; it forms colorless crystalline plates, melting at 
136^ F. and boiling at 413^ F. It exhales a peculiar 
iHlor» is very combustible, insoluble in water, but soluble 
in ether and alcohol ; the specific gravity of its vapor ib 
4*5^$. It dissiUves in sulphuric acid, and the solution, on 
beiug diluted with water and saturated vnth carbonate of 
baryta, yields two salts, one containing Sulphanaphtkalie 
Acid, and the other an acid less known. 

Paraiutphthaiime {CiiH^) is associated with naphthaline, 
but ditli'i-s from it by being insoluble in alcohol, by which 
lk|uid they may. therefore, be separated. 

Kt^UH<^ (Ciji/.A'), an oily liquid, which, though volatile, 
ha* a boiling }H>iut of 358^ F. It is heavier than water, 
with which it may bo combined, and is soluble in alcohol 
aiiil ether. It possesses basic properties, and yields sev- 
eral well-defined salts. 

CurMic Acid—IJi^drate ofPhenyh ( d^jHiO)— is found 
in that portion of oil of tar which boils between 300° F. 



\\ hat rt»inark«Vao prDponiea does creasote possess T From what is its 
uaiuo aenv^Ht I J i\«m what souires are piramar, kapnomar, cedriret, and 
pittakal oblaiuea f What ar« the properties of na^UuOine t What sob- 
atm¥.H> i4Mely re««iuhU» ii f \Vhat are the properties of kyanol ? 
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jpA 400° F. This being agitated with potash, and the re- 
blt decomposed by an acid, yitslds carbolic acid, which 
lay be purified by rectification from caustic potash. It 
an oily liquid, but may be obtained in long-, needle- 
laped crystals. A splinter of pine wood first dipped in 
I and then in strong nitric acid becomes of a blue color, 
^ich then paases into a. brown. In many particulars 
da substance resierablcs creaaote bo closely, ^ut a suppo- 
tion has been entertained thai they are in reality the 

When woody matter is gradually decomposed by con- 
ict with air and moisture, Z/lmine and IHmic Acid are 
rduced. They arise from a partial oxydation, attended 
y the production of carbonic acid and water, the action 
r originally occasioned by azotized matter in the 
I ; corrosive sublimate, or any other body which poB- 
a the quality of checking ferment action, may, there- 
},bere8orted to toprevent thedry-rotof wood. When 
«eas of air is, for the most part, cut off, the brown 
1, ulmine and ulniic acid, no longer appear alone, 
tut with them many other substances, of the family of the 
hydrocarbons, arise. Besides these, as in the formation 
1" vegetable soil and tiirf, azotized acids, such as the Crejt- 
Lnd Apocrenic, appear. These originate in the decay 
the nitrogenized constituents of the wood, an action 
hich probably precedes its general disorganization. 
hey are often found in mineral springs, in combination 
Irjth oxide of iron, forming ochery stains. Crenic acid, by 
lure to the air, changes into Apocrenie Add, a sub- 
stance much less soluble in water. 
P There is abundant proof that all the rarieties of coal 
Aave originated from woody fibre. For the production of 
Soiesb, it seems requisite that the wood should be immers- 
md in water at a moderately high temperature, and with- 
out free contact of air. The ulmine bodies form from the 
iglecay of wood at the surface of the earth ; the coal bod- 
jSfiB under a heavy pressure. Of these we have many va- 
feietiea, differing much in constitution : Lignite, which is 
I ^a brown color, and in which the structure of the wood 
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is more or less perfectly preserved ; the various forms of 
Bituminous Coed, as cannel coal, Newcastle coal, &c.; Af^ 
ikracite, which contains but little hydrogen. 

With these more valuable natural products are frequent- 
ly found small quantities of others of less importance, as 
Ozocherit, or fossil wax ; Idrialine, which is isomeric with 
oil of turpentine ; Petroleum, or Naphtha, which in many 
Eastern countries is collected in wells. It arises, proba- 
bly, from the decomposition of coal by the action of the 
natural heat of the earth. 



LECTURE LXXXVL 

Animal Chemistry. — Equilibrium of the Si/stem. — Caus- 
es of Diminution and Increase, — Relation of Oxygen to 
the Food, — Digestion, the Nature of it, — Description of 
the Process. — Artificial Digestion. — Two great Varieties 
of Pood. — Nutrition in the Camivora and Crraminivora. 
— Routes of the Passage of Nutritious Matter into the 
System. 

In the preceding Lectures I have given the descriptive 
history of many of the more important organic compounds, 
and chiefly those belonging to, or derived from, the vege- 
table kingdom. It remains now to mention another class 
which seems to bear a closer relation to animal beings. 
The appearance and destruction of these compounds lead 
by ready steps to a considei'ation of the physiological func- 
tions of the animal mechanism. 

There are certain causes which tend constantly to change 
the weight of an adult, healthy individual ; causes of in- 
crease and causes of diminution. Among the former may 
be mentioned food, drinks, and atmospheric air; among 
the latter, urine, faeces, transpired and expired matters. 
And these, in the course of a year, amount to many hun- 
dred pounds ; yet the resulting action of the mechanism 
is such that, at the end of that time, the weight remains 
unchanged. 

This fact, the constancy of adult weight, can, therefore, 
only be explained by an examination of the action of the 

What causes are in operation tending to change the weight of an adalt 
auimal ? Mention some of the causes of increase, and some of diminution. 
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natters introduced into the interior of the system on each 
ther, or an examination of the matters rendered. What- 
ver is fit for food, when burned in the open air, with free 
x^cess of oxygen, must yield carbonic acid, water, and 
mmonia ; and these, in point of fact, are the results of the 
ction of the animal mechanism. Oxygen gas, introduced 
►y the respiratory process through the lungs, effects event- 
ally the destruction of the hydrocarbons and nitrogenized 
todies which have been introduced through the stomach ; 
.nd carbonic acid, ammonia, and the vapor of water, or 
ubstances in a transition state, which tend eventually to 
jssume those forms, are the result. An elevated temper- 
i;ure must, as a consequence, be obtained. 

Before the introduction of chemical principles into the 
cience of physiology, it was a favorite idea that the ani- 
aal system possessed the peculiarity of resisting the influ- 
jnce of external agents. This is an error. There is no 
essential difference between the physical effects taking 
)lace in the body during life and after death, nor is there 
iny principle of resistance to external agents possessed 
>y living structures. The only distinction is, that during 
ife the effete materials pass off by appointed routes — the 
ddneys, the lungs, or the skin ; and after death, these 
lassages being closed, they accumulate in the interior of 
he body. 

The ' matters returned by an animal to the external 
vorld are all found to be oxydized bodies, or such as arise 
rom processes of oxydation. The result is, therefore, 
breed upon us that the primitive action of the mechan- 
sm is the oxydation of the food in the system by air whioh 
las been introduced through the lungs. 

The process of digestion appears to be exclusively for 
lie object of effecting the minute subdivision of the food. 
3y the action of the teeth or other organs of mastication, 
t is first roughly divided and simultaneously mixed with 
(aliva. It is then passed into the stomach, and in that or- 
ran mixes with the gastric juice, a viscid and slightly 
icid body. This mixture is perfected by certain move- 
nents which the food now undergoes, and under the con- 

What ia the chemical natare of the food? What gaa is introduced 
diroogh the lungs 1 How do these act on each other? Do animal struct 
tores possess any power of resisting the influence of external agents ? 
Why do we conclude that the oxydation of the food is the principal effect 
loin^ on in ^e system ? What is the ohject of digestion f 

K K 
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Knnt action of the saliya and the gastiic juice it is totally 
broken up into a grayi semifluid, homogeneous mass, 
sometimes acid and sometimes insipid, of the consistency 
of cream or gruel, called Chyme, This gradually passes 
out through ue pyloric orifice of the stomach, and enters 
the intestine. 

It has been a question whether artificial digestion could 
be performed, but it now appears to be universally ad- 
mitted that an acidulated water, containing animal matter 
in a state of change, has the power of impressing analo- 
gous changes on organized substances submitted to its ac- 
tion, just as the gastric juice, containing hydrochloric or 
acetic acid, with animal matter undergoing metamorpho- 
sis, derived from the saliva or the coats of the stomach, 
possesses the power of dissolving fibrine or coagulated 
albumen. 

Soon after its entrance into the intestine the chyme is 
mingled with bile and pancreatic juice, the former com- 
ing from the liver, the latter from the panci'eas. The ef- 
fect appeal's to be a division of the chyme into three 
ports : 1st. A creamy fluid ; 2d. A whey-like fluid ; 3d. 
A red sediment: the two former, commingled, consti- 
tute what is designated the Chyle, 

It has been already remarked that the aim of the di- 
gestive process appears to be the subdivision of the food. 
It is for this that the teeth comminute it ; and the gastric 
juice, excited to activity by the oxygen introduced with 
the saliva, breaks down by its ferment action all albumi- 
nous and fibrinous matters, and prepares the food, in this 
condition of extreme subdivision, for its passage into the 
blood-vessels. 

Before we can trace the changes which then occur, it 
is proper, however, to remark that, as respects the food 
itself, It may be distinguished into two varieties : 1st. The 
food of nutrition, or the nitrogenized food; 2d. The food 
of respiration, or the non-nitrogenized food. 

The nutritive processes of carnivorous animals are very 
simple ; they live on the graminivora, and find, in the car- 
cases they consume, the fats, the fibrine, and other such 



How u the chyme prepared ? Can digestion be condncted artificially ? 
With what fluids does the chj-me minele ? What is their action on it? 
What 18 chyle ? What two great varieties of food are there ? Describe 
the nutritive processes of the camivora. 
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bodies which are necessary for their own economy; these, 
therefore, simply require to be brought into a state of so- 
lution, or of extreme subdivision, and then are absorbed 
into the blood-vessels. In these cases the fats constitute 
the food of respiration, and the nitrogenized bodies that 
of nutrition. 

But the graminivora find in the vegetable matters they 
use the same essential principles ; their fibrine, albumen, 
and fats are directly obtained from plants, in which they 
naturally occur. In the digestive process of the two 
great classes of animals, there is not therefore, in reality, 
any difference ; both find in their food the elements they 
require. 

There is reason for believing that the two classes of 
food are introduced into the system by different routes — 
the fatty or respiratory food passing through the lacteals, 
and the nitrogenized bodies being taken up by the veins. 



LECTURE LXXXVIL 

Origin and Deposits op the Fats and Neutral Ni- 
trogenized Bodies. — Artificial Formation of Fat. — It 
may he made in the Animal System^ or directly absorbed 
from, the Food. — Proofs of the latter, — Varieties of Fat 
arising in partial Oxydation, — Changes in Fat as it 
passes through the Systems of the Graminivora and 
Camivora. — Its final Destruction. — Origin and jDc- 
posit of the Neutral Nitrogenized Bodies. — Properties 
of Fibrine f Albumen f Caseine, Proteine, Gelatine^ &c, 

Two opinions have been entertained respecting the 
origin of the fat which occurs in the adipose tissues of 
animals. 1st. It has been supposed to be produced by 
processes taking effect in the system ; or, 2d. Simply col- 
lected from the food. 

In many various processes fatty bodies arise. Thus, 
when flesh meat is left in a stream of water, a mass of 
adipocire is eventually found. During the action of nitric 
acid on fibrine, and in the preparation of oxalic acid from 

Wliat u their respiratory food ? Describe the nutritive processes of the 
fframinivora. By what routes are the two varieties of food introduced into 
we ■YBtem ? What opinions haye been held respecting the origin of fjEit 7 
In what procMsefl is it apparentdy produced 7 
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washing with water and ether the clot which adheres 
thereto. As thus prepared, fibrine is a white, elastic 
body, insoluble in water, alcohol, or ether, but soluble in 
hydix>chloric acid, with which it yields a blue solution. 
It possesses the power of decomposing rapidly the deu- 
toxide of hydrogen. When dried it shrinks very much in 
▼olume, but, for the most part, recovers its bulk when 
again moistened. Fibrine derived from arterial and ve- 
nous blood is not altogether the same ; the latter may be 
dissolved in a warm solution of nitrate of potash, but the 
former can not. In the formula annexed to this body, 
the symbols within the brackets merely mean small and 
indeterminate quantities of sulphur and phosphorus. 

Aldumen occurs abundantly in the serum of blood and 
m the white of eggs, from which it may be obtained by 
neutralizing in a solution of it the associated soda with ace- 
tic acid, and on dilution with cold water it falls as a white 
precipitate, soluble in water containing a minute quantity 
ot alkali. Exposed to a sufficient heat, common albumen 
coagulates and becomes a white body, wholly insoluble in 
water. The strong acids also unite directly with it, and 
*9™. ^i^soluble compounds ; acetic and the tribasic phos- 
phoric acid are exceptions. With metallic salts, as cor- 
rosive sublimate, it gives insoluble precipitates ; hence its 
use as an antidote for that poison. Its constitution is iden- 
tical with that of fibrine, except that it appears to contain 
twice as much sulphur. 

^**^?*^ is found abundantly in milk. It is insoluble in 
ivater, but, like albumen, is readily dissolved if free al- 

'll ^^ ^^f^^^^ It may be obtained by coagulating milk 
^en win '^^ ^'^' ^^^ dissolving the curd, after it has 
f soda. ^®^^®d with water, in a solution of carbonate 
^nd watery ^p^^'^^^^g it separates into two portions, oily 
f»v sulphun ^vf^ ^^® latter the caseine is re-precipitated 
.^^ finally wLhed ^^"i^^^ P^^^^"^ repeated. "The caseine 

« is a ^hite subsLT ®^^®'" ^ re™^^® *^y ^''^^® °^ ^^ 

i^MiUon not beinir ®' soluble in an alkaline water, the so- 

'!^ the surface ^ ^^'^S^lated by boiling, but a skin forms 

^^ coagulated by^-T^^^r^*^^^ S^^^ on. It can, however, 

t^^ _jy^^^tain animal membranes, as by the 

'-""^^rtjifl what Bonrcc8 mav^v^T 

^jij^t ft^e the B<wive« and lirl ^ derived? What are its properties T 
H^^ *>ropertieB of caseine t ^i**^«*ie8 of albumen T WTiat are the sourcei 

0^^ 
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interior coat of the stomach of a calf. It contains five or 
six per cent, of bone earth. 

The foregoing bodies are sometimes spoken of as the 
pROTEiNE group, from the circumstance, as is shown in 
their formula, that they all contain C48fi^Oi4i^, a body 
which passes under the designation of proteine. It may 
be extracted from them by dissolving either of them in an 
alkaline solution, and precipitating by an acid. It is a 
tasteless, white, insoluble body, soluble in acetic acid 
and in alkalies. It yields a binoxide and tritoxide, which 
may be produced by boiling fibrine in water in contact 
with air. These substances are the chief constituents of 
the huffy coat of inflammatory blood. 

Gelatine {Ci^H^qN.20^ is prepared by dissolving isin- 
glass in warm water. It forms, on cooling, a soft jelly, 
which contracts as it dries. Solution of gelatine is pre- 
cipitated by corrosive sublimate, tannic acid, or infusion 
of galls ; with the latter bodies it yields a precipitate 
which is the basis of leather. Glue is an impure gelatine. 

On examining the constitution of some of the leading 
tissues of the animal system, it is plain that they bear a 
remarkable relation to proteine, as is shown in the fol- 
lowing table : 

Proteine, C^Hix&N&Oia . . . . = Pr. 

Arterial membrane = Pr -|- HO. 

Chondrine (rib cartilage) . . . = Pj HO 4- O. 

Hair,homs = Pr-- NH^-X-O^. 

Gelatinous tissnes = 2Pr + 2NH3 + HO -\- O1. 

These different bodies are, therefore, derived from the 
proteine group by processes of partial oxydation ; for in 
their constitution they correspond to oxides, hydrated ox- 
ides, &c. 

The nitrogenized bodies introduced into the system 
pass through the same changes as the non-nitrogenized : 
partial oxydations giving rise to various tissue forms, and 
ending in perfect oxydation, with a production of water, 
ammonia, and carbonic acid. 

Whether we regard the respiratory or the nutritive 
food, we see that the result is the same. Introduced 
through the blood-vessels into the system, it is brought 

What is proteine ? What relation has it to the foregoing bodies ? What 
oxides does it give ? How is gelatine obtained ? What precipitate does 
it give with infosion of galls ? What relation does proteine bear to other 
tissue bodies ? What changes do the nitrogenized bodies pass through? 
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under the destructive influence of oxygen aniving through 
the lungs, and, as I have already explained, the amount 
of oxygen is so adjusted to the amount of these classes of 
food combined, that in an adult and healthy individual the 
weight does not change, even after the lapse of a consid- 
erable period of time. 



LECTURE LXXXVIII. 

Or THE Introduction of Respiratory and Nutritious 
Food into the Blood, and its Transmission through 
THE System. — Absorption by the Lacteah and Veins, — 
Cause of the Circulation of the Blood, — Constitution and 
Properties of the Blood, — Plasma and Disks. — The Of- 
fices of each, — The Coagulation of Bhdd, — Analy^fis 
of Blood. 

The ordinary principles of capillary atti'action are am- 
ply sufficient to account for the absorption of nutritious 
matter from the intestinal cavity, both by the lacteal ves- 
sels and the veins. By this it is eventually brought into 
the general current of the circulation, and distributed to 
every part of the system. 

With respect to the forces involved in the circulation 
of the blood, most physiologists have regarded the hy- 
draulic action of the heart as amply sufficient to account 
for all the phenomena. It is now on all hands conceded 
that tliis organ discharges a very subsidiary duty. The 
whole vegetable creation, in which circulatory movements 
of liquids are actively carried on without any such central 
mechanism of impulsion ; the numberless existing acar- 
diac beings belonging to the animal world ; the accom- 
plishment of the systemic circulation of fishes without a 
heart ; and the occurrence in the highest tribes, as in man, 
of special circulations which are isolated from the greater 
one, have all served to demonstrate that we must look to 
other principles for the cause of these remarkable move- 
ments. 

The cause of the circulation of the blood is to be found 



What physical principle is involved in the absorbent action of the lac- 
teals and veins ? What reasons are there for supposing that the action of 
the heart is not the only cause of the circulation ? 



CIRCULATION OF TUE BLOOD. 393 

in the chemical relations of that liquid to the tissues with 
which it is brought in contact. On the principles of ca- 
pillary attraction a liquid will readily flow through a por- 
ous body for which it has a chemical affinity, but it will 
refuse to flow through it if it has no affinity for it. On 
this principle we can easily explain why the arterial blood 
presses the venous before it in the systemic circulation, 
and why the reverse ensues in the pulmonary. This ex- 
planation of the circulation of the blood, which I offered 
some years ago, is now admitted by many of the leading 
physiological writers to be true. 

The systemic circulation takes place because arterial 
hlood has a high affinity for the tissues, and venous blood 
little or none. The pulmonary circulation takes place 
hecause venous blood has a high affinity for atmospheric 
oxygen, which ^t finds on the air cells of the lungs, and ar- 
terial blood little or none. On the same principle we may 
explain the rise of sap in trees, the circulatory movements 
in the different animal tribes, and the minor circulations 
of the human system. 

The most striking peculiarity of the blood is the inces- 
sant change which it undergoes. It is constantly being 
destroyed, and as constantly being reproduced. It con- 
sists of two portions, the Plasma, a clear fluid, of a yellow- 
ish tinge, which contains fibrine, albumen, and fat ; and 
in this there float disk-like bodies of different shapes and 
magnitudes in different animals. In man they are about 
tttV^ ^^ ^^ inc^ in diameter, consist of a sac of Glohuline, 
a body of the proteine family, and in the interior they con- 
tain a red substance, Hcematine, which gives them their 
peculiar color. On one portion of them there is a nucle- 
us or speck, consisting of coagulated fibrine. When the 
disks are old and about to be destroyed, their interior is 
filled with Hcemapheinf a yellow substance, correspond- 
ing to the coloring matter of the urine. Besides these, 
there are lymph, chyle, and oil globules in the blood. 

A continuous metamorphosis goes on during the circu- 
lation of the blood ; the plasma serves for the purposes 



What explanation may be given of the circulation in the capillaries ? 




plasma 1 Of what are the disks composed . . . 

tme, and haBmaphein ? What are the fonctionB of the plasma and disks 
respectively ? 
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of nutrition, the disks foF the production of heat. They 
ahsorb oxygen in the air cells of the lungs, and transmit 
it to all parts of the system ; and as they grow old and 
disappear, new ones are formed from the plasma. 

Although fibrine is known to exist in plants, I doubt very 
much whether it is directly absorbed <w Fibrine into the 
system. Besides the direct proof which we have from 
the analysis of those bodies, we know that fibrine and al- 
bumen so closely resemble each other in constitution that 
they are mutually convertible into each other. During 
the hatching of an egg from its albumen the flesh (fibrine) 
of the young chicken is formed, a phenomenon accom- 
panying the absorption of oxygen from the air. In the 
human system, abundant observation has proved that 
there is a direct connection between the quantity of oxy- 
gen introduced through the lungs and the ^^ount of fibrine 
in the blood. When the respiratory process is unduly 
active the disks oxydize %vith rapidity, and the amount of 
fibrine increases ; but when the reverse takes place, there 
is a restraint on the change of the disks, and the amount 
of fibrine declines. 

The coagulation of the blood is a phenomenon which 
has excited much attention, physiologists generally look- 
ing upon it either as wholly inexplicable, or what, in re- 
ality, amounts to the same thing, as due to the death of 
the blood. What connection there is between its life and 
fluidity, is not so very apparent. A little reflection will, I 
am persuaded, deprive riiis phenomenon of much of its 
fictitious importance, since it is plain that the coagulation 
of the blood, or, in other words, the separation of fibrine 
from it takes place in the body as well as out of it, for fiiom 
this coagulated fibrine the muscular tissues are formed, 
and from it their waste is repaired. By passing through 
two capillary circulations, the systemic and the pulmona- 
ry, the rapidity of the process is very much interfered 
with ; but still, it eventually takes place. 

I here insert one of Lecanu's analyses of the blood ; it 
may serve to give an idea of the constitution of that liquid. 
It naust not be forgotten, however, that such analyses, be- 
yond mere general results, are of Httle value ; the compo- 

Whatreaaops are there for snppoBing that fibrine may be made in the 
system from albumen or caaeine 1 Doei Ae coagulation of the blood take 
place during life I Of what aie the muscular tiBSuefl composed T 
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sition of the blood varies incessantly in the same individ- 
ual. For instance, the mere accident of his being thirsty, 
or having recently drank abundantly of water, will make 
an entire change in the analysis of die blood. 

Water 780-145. 

Fibrine g-lOO. 

Coloring matter 133000. 

Albumen 65*090. 

Crystalline fatty matter 2*430. 

Oily matter 1*310. 

Extractive matter 1*790. 

Salts and loss 14*135. 

1000*000. 

The following represents the constitution of haemato- 
sine: 

Carbon 66*49. 

Hydrogen 5*30. 

Nitrogen 10*50. 

Oxygen 11*05. 

Iron 6*66. 

100*00. 



LECTURE LXXXIX. 

Nature op the Processes of Secretion. — Origin of 
Secretions. — Phenomena of Respiration. — ArterializO' 
tion. — Froduction of Animal Heat. — Removal of effete 
Matters. — Constitution of Milk. — Uses of that Secretion, 
— Mucus. — Pus. — Bile. — Urine. — Calculi. — Bones. — 
Nervous Matter. 

During the starvation of an animal all its various se- 
cretions are still formed : a consideration which proves 
that the production of urine, bile, and otheir such bodies 
is, in reality, connected with the destructive processes 
going on in the animal system. These processes of de- 
cay originate in the action of oxygen admitted by the 
process of respiration. 

The lungs, which constitute the organ by which air is 
introduced, are originally developed as diverticula from 
the oesophagus, and finally become an immense congeries 
of cells emptying into the trachea. In respiration they 
are perfectly passive, the air being introduced and ex- 

What circamstances tend to change the constitation of the blood ? How 
is it known that the secretions arise from destractiye processes ? What 
bthe structure of tlio Imij^s? 
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polled alternately by muscular contraction. It is com- 
monly estimated that, on an average, about 17 inspira- 
tions are made each minute, and at each inspiration about 
17 cubic inches of air are introduced. 

The blood presents itself on the air cells of a deep blue 
color, and is then known as venous blood. Through the 
thin wall of the cell it obtains oxygen from the air, and 
gives out carbonic acid. It is the coloring matter of 
the disks which discharges this function, and during the 
act of change its tint alters to a bright crimson. It is 
said now to be arterialized, or to constitute arterial blood. 
The magnitude of the scale on which this operation is 
carried forward may be appreciated from the circum- 
stance that in a man of average size, in a single day, about 
seven tons of blood have been exposed to 226 cubic feet 
of atmospheric air. 

The oxygen thus introduced acts directly either on 
the tissues themselves, as it is distributed by the systemic 
circulation, or on the elements of respiration they con- 
tain. In the latter case, carbonic acid gas and water are 
the result ; in the former, carbonic acid, water, and am- 
monia. But these changes can not take place without an 
elevation of temperature. Carbon and hydrogen can nei- 
ther burn in the air nor in the animal system without 
evolving heat. The high tempei-ature which an animal 
can maintain is, therefore, directly proportional to the 
quantity of oxygen it consumes. 

The tissues being thus acted upon, give rise, during 
their metamorphoses, to new products, which require to be 
removed from the system ; these, passing under the name 
of secretions, are discharged by glands or other special 
organs. Thus, the carbonic acid, for the most part, es- 
capes from the lungs ; the ammonia through the kidneys; 
the water through both those organs and the skin. Lie- 
big has attempted to show that if the elements of mine 
Ih? added to the elements of bile, they vnW represent the 
elements in the blood ; and there can be no doubt that 



How mauy inspirations docs a man make, on an average, in a minnte T 
How many cubic inches of air are introdnced at each inspiration ? What 
is moant by Uie artcrialization of the blood ? What action does the oxy- 
S'tMi intriHluood oxort 1 In what does animal heat arise ? Through what 
ehannoU uro tho K'a«liuj? secretions, water, ammonia, and carbonic acid, 
disoliar^rtHi ? What supposed relation is there between the constituent! 
v^" tlic urine and bile coi\joint1y and tliose of the bkx>d ? 
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the sulphates and phosphates found in the urine ai*ise cJi- 
rectly from the sulphur and phosphorus previously exist- 
ing in the muscular fibre. 

As an illustration of the principles here given in rela- 
tion to the functions of nutrition and secretion, the con- 
stitution and properties of milk may be cited. The fbJ- 
lowng is an analysis of it : 

. Water ... 873-00 

Butter 3000. 

Caseine 4820. 

Milk sugar 43'90. 

Phosphate of lime 2*31. 

" " magnesia '42. 

" " iron -07. 

Chloride of potassium 1*44. 

" " sodium •24. 

Soda in combination with caseine . . '42. 

100000. 

Of the substances here mentioned, all are undoubtedly 
obtained directly from the food. In the herbage on 
which a graminivorous, milk-giving animal feeds, every 
one of these constituents occurs. I have already shown 
that the butter, or fat, and the caseine are thus directly de- 
rived, and the evidence is equally complete that all the 
salts of phosphoric acid and chlorine arise from the same 
source. 

A young animal, which, in the first peiiods of its life, is « 
nourished exclusively on milk, finds in that milk all the 
various compounds it requires for its own existence and 
growth. The respiratory food is there^it is the butter 
and milk sugar ; the nitrogenized food is there^it is the 
caseine; and we have already seen that albumen and 
caseine are both convertible into fibrine ; the caseine, thus, 
in the mother's milk, becomes converted into flesh in the 
young animal. To insure the growth of its bones, phos- 
phate of lime (bone earth) is present ; there is also chlo- 
rine to form the hydrochloric acid of its gastric juice, and 
soda, which is an essential ingredient in its bile. 

It remains now to add a brief description of the prop- 
erties of the remaining leading animal substances, among 
which may be mentioned : 

Prom what do the sulphates and phosphates of the urine arise ? What 
are the chief constituents of milk ? From what source are they derived ? 
What becomes of the butter, milk sugar, caseine, phosphate of Ume, chlo* 
rine, and soda in the body of the young animal ? 

L L 
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Chtle is usually of a white or reddish white tint It 
resembles blood in constitution and power of coagulat- 
ing. It contains much fat, which gives to it a cream-like 
aspect. 

Mucus exudes from the surface of mucous membranes. 
It is of a white or yellow color, of a viscid constitution, 
and insoluble in water. It dissolves in a solution of pot- 
ash, and is precipitated by an alkali. 

Pus, a secretion from injured surfaces, resembling mu- 
cus in many respects, but distinguished by not being sol- 
uble in potash solution, but converted by it into a gelat- 
inous body, which can be pulled out in threads. 

Bile, a yellow liquid, secretcnl by the liver from the 
portal blood ; it turns green in the air, has a bitter taste 
and an alkaline reaction, due to the presence of soda. Its 
coloring matter is chlorophyl. It is regarded as a 
choleate of soda, the constitution of choleic acid being 
Cra-Hie-^a^ji* ^^ ^^^ correctness of this formula there is 
considerable doubt, since it has been recently affirmed 
that TaurinCy which is a derivative body, contains a large 
amount of sulphur. 

Urine, a yellow -colored fluid, secreted by the kid- 
neys ; has an acid reaction ; its specific gravity from 1*005 
to 1'030 ; putrefies at a moderate temperature, its urea 
passing into the condition of carbonate of ammonia. The 
chief constituents of urine are urea, uric acid, the sul- 
phates and phosphates of potash, soda, lime, ammonia, 
and a yellow coloring matter, with mucus of the bladder. 

The constitution of the urine changes in disease. In 
Diabetes it contains grape sugar, as may be shown by the 
test of sulphate of copper, already mentioned. Diabetic 
urine may even be fermented wdth yeast, and alcohol dis- 
tilled from it. 

Urinary Calculi are stony concretions often formed 
in the bladder of man and many animals ; they are of dif- 
ferent kinds : 1st. Uric acid. 2d. Urate of ammonia. 3d. 
Phosphate of lime, magnesia, and ammonia. 4th. Ox- 
alate of lime, or mulberry calculus. 5th. Cystic and xan- 
thic oxides. 




macns 

What ^ „„ ^ ^^„ . 

How may sugar be detected in diabetic nrino ? What varieties of uri- 
uary calculi ai'e there ? 
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Bones consist of two parts : an animal and an earthy 
matter. The latter is the phosphate of lime (bone earth). 

Nervous Matter consists of an albuminous substance 
with several fatty principles, distinguished by the remark- 
able fact that they contain phosphorus. In addition, it 
contains chlolesterine. 

It would not agree with the object of these Lectures 
were I here to offer any detailed remarks on the func- 
tions of the brain and the nervous system. Of the action 
of the lungs, the liver, the kidneys, or other such organs, 
we are beginning to have a very distinct idea ; but it is 
altogether different with the functions of the cerebro-spi- 
nal axifif ; there every thing is in mystery and dai'kness ; 
yet it is in what may be hereafter discovered in relation 
to the action of this system that our chief hopes of the ad- 
vance of animal chemistry and physiology depend. 

Of what are bones composed ? What are the chief constitueuts of 
nervous matter? 
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A. 

bsolute alcohol, 323. 
cetal, 332. 
cetification, 332. 
cetone, 335. 
cetyle compoands, 331. 
cid, acetic, 332. 

aconitic, or equisetic, 3C4. 

aldehydic, 331. 

alloxanic, 360. 

amygdalinic, 353. 

anilic, or iudigotic, 374. 

anthranilic, 374. 

antimonic, 293. 

antimonious, 293. 

apocrenic, 384. 

arsenic, 292. 

arsenioas, 288. 

tests for, 289. 

benzoic, 344. 

boracic, 246. 

butyric, 321. 

capric and caproic, 378. 

carbolic, 382. 

carbonic, 241. 

liquefaction of, 243. 

cUoracetic, 334. 

cUoric, 230. 

chlorous, 230. 

chloro-valerisic, 343. 

chromic, 286. 

chrysammic, 374. 

chiysanilic, 374. 

cinnamic, 349. 

citric, 364. 

comenic, 369. 

crenic, 383. 

croconic, 318. 

cyanic, 353. 

cyanuric, 354. 

d^aluric, 361. 

elaidic, 378. 

ellagic, 366. 

ethalic, 378. 

ethionic, 330. 

ferric, 279. 

formic, 340. 

fulminic, 354. 

fumaric, 365. 

gallic, 366. 

L 



Acid, glucic, 316. 

hippuric, 346. 
hy(friodic, 236. 
hydrochloric, 231. 
hydrocyanic, 351. 
hydroferrocyanic, 355. 
hydrofluoric, 238. 
hydrofluosilicic, 248. 
hydros alicylic, 347. 
hydrosulphocyanic, 357. 
hydrosulphunc, 220. 
hyperchloric, 230. 
hyperclilorous, 230. 
hypermangauic, 275. 
hyponitrous, 207. 
hyposulphuric, 219. 
hyposulphuroos, 219. 
igasoric, 370. 
isatinic, 374. 
isethionic, 330. 
japonic, 365. 
kiJaic, 370. 
lactic, 324. 
lithic, 359. 
maleic, 365. 
malic, 364. 
manganic, 274. 
margaric, 377. 
meconic, 369. 
melanic, 348. 
melasinic, 316. 
mesoxalic, 360. 
metagallic, 366. 
metaphosphoric, 225. 
mucic, 318. 
muriatic, 231. 
mykomelinic, 360. 
myristic, 378. 
nitric, 209. 
nitromuriatic, 234. 
nitrous, 208. 
OBnanthic, 327. 
oleic, 377. 
oxalic, 316. 
oxalhydric, 318. 
oxalaric, 360. 
palmitic, 378. 
parabanic, 360. 
pectic, 314. 
phosphoric, 224. 
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Acid, phoiphorons, 5^4. 

phospbovinic, 328. 

picric, or carbazotic, 374. 

pinic, Silvio and pimaric, 380. 

purpuric, 361. 

pyrogallic, 366. 

pynmgneous, 332. 

pyromeconic, 369. 

pyropbosphoric, 225. 

pyrotartaric, 363. 

racemic, 363. 

liiodizonic, 318. 

rubinic, 365. 

Baccharic, 318. 

aacchulmic, 316. 

salicylic, 347. 

■ebacic, 378. 

silicic, 247. 

stearic, 377. 

suberic, 378. 

succinic, 378. 

sulpbamilic, 343. 

sulpliindigiotic, 373. 

ffulplM>bcujEoic, 344. 

sulph«i?lycoric, 377. 

sulpliomcthylic, 340. 

Bulplionapbtbalic, 382. 

sulpbosaccharic, 315. 

sulphoviuic, 327. 

sulphuric, 217. 

sulphurous, 215. 

taimic, 365. 

tartaric, 362. 

thionurio, 360. 

uhnic, 316, 383. 

uramilic, 361. 

uric, 359. 

valerianic, 343. 

xanthic. 336. 
Acids, coupled, 362. 
Aconitinc, 370. 
Affinity, chemical, 164. 
Albumen, 389-390. 

. voffotablo, 389. 

Xloarqen, 338. 
Alcohol, 323. 
Aldehyde, 331. 
Alizannc, 372. 
Alkarsin, 337. 
AUautoin, 359. 
Alloxan, 359. 
AUoxantine, 361. 
Alumina, 271. 

sulphates, 273. 
Aluminum, 271. 
Alums, 273. 

Amalgamation process, 299. 
Amalt^ams, 303. 
Amidine, 312. 
Amidogen, 249. 



Amilen, 343. 

Ammeline and ammelide, 357. 

Ammonia, carbonate, 350. 

nitrate, 350. 

preparation and proper* 
ties of, 249, 349. 

sulphate, 350. 
Ammoniacal amalgam, 250, 349. 
Ammonium, 250. 

chloride, 350. 
sulphorets, 251. 
Amygdaline, 352. 
Amyle compounds, 342. 
Anatto, 372. 
Aniline, 367, 371, 373. 
Animal chemistry, 384. 
Anthracite, 239. 
Antiarine, 370. 
Antimony, 292. 

chloride, 293. 

oxide, 293. 

sulphurots, 294. 
Aqua regia, 234. 
Arabine, 314. 
Ar^l, 322. 
Ancine, 370. 
Arrow-root, 312. 
Arsenic, 287. 

sulphurets, 292. 
Arterialization, 396. 
Arterial membrane, 391. 
Atmosphere, composition of, 191. 

physical constitution 
of, 190. 
Atmospheric pressure, 192. 
Atomic weights, 145. 
Atoms, 5. 
Atropine, 370. 
Aurum musivum, 285. 
Azote, 188. 



Balloons, 16. 

Balsams, 381. 

Barium, 264. 

chloride, 365 
oxides, 265. 
sulphuret, 265. 

Barley sugar, 313. 

Barometer, 200. 

Baryta, 265. 

carbonate, 266 
sulphate, 266. 

Bassorine, 314. 

Batteries, voltaic, 120. 

Bell metal, 296. 

Bcuzamidc, 345. 

Benzine, 346. 

Bcuzoine, 345. 

Bunzone, 346. 
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Benzyle compounds, 344. 
Bile, 398. 
Biscuit-ware, 272. 
Bismuth. 299. 

nitrates, 299. 

oxides, 299. 
Bleaching powder, 269. 
Blood, composition of, 395. 
Boiling points of fluids, 47. 
Bone earth, 269. 
Bones, composition of, 399. 
Boron, 246. 

Brain, composition of, 399. 
Brass, 296. 
British gum, 313. 
Bromine, preparation and properties 

of, 237. 
Brucia, 370. 
BufFy coat, 391. 
Butyrine, 378. 

C. 

Cadmium, 283. 

compounds of, 283. 
Caflfeine, 370. 
Calamine, electric, 283. 
Calcium, 267. 

chloride, 268. 

fluoride, 268. 

sulphurets of, 268. 
Calculi, urinary, 398. 
Calomel, 302. 
Calorimeter, 29. 
Camphor, 379. 

artificial, 379. 
Caoutchouc, 380. 
Capacity for heat, 28. 
Caramel, 313. 
Carbon, 238. 

chlorides of, 329. 

its compounds with oxygen, 

240. 
sulphuret of, 246. 
Carbonic oxide, preparation and 

properties oC 240. 
Carbyle, sulphate of, 330. 
Carmine, 374. 
Carthamine, 372. 
Caseine, 389-390. 

vegetable, 389. 
Cassava, 312. 
Cast iron, 277. 
Catechin and catechu, 365. 
Cedriret, 382. 
Cellubse, 315. 
Cerine, 378. 
Cerium, 273. 

Chameleon, mineral, 275. 
Charcoal, properties of, 339. 
Chinoidine, 370. 



Chloral, 335. 
Chloric acid, 230. 
Chbrine, 226. 

compounds with oxygen, 

229. 
preparation and properties 
of, 227. 
Chlorisatine, 374. 
Chlorocinnose, 349. 
Chloroform, 341. 
Chlorophyle, 372. 
Chlorosamide, 348. 
Chlorureted acetic ether, 336. 

formic ether, 336. 
Chlorous acid, 230. 
Cholesterine, 378. 
Chondrine, 391. 
Chrome yellow, 287. 
Chromic acid, salts of, 287. 

oxide, salts of, 286. 
Chromium, 285. 

oxide, 285. 
Chyle, 386, 398. 
Chyme, 386. 
Cinchona, 369. 
Cinnabar, 303. 
Cinnamyle compounds, 348. 
Circulation of blood, 392. 
Clays, composition of, 271 . 
Clay iron stone, 276. 
Coagulation, 394. 
Coal, 384. 

oil, 382. 
Cobalt, 281. 

characters of salts o^ 281. 

chloride, 282. 

oxalate, 281. 

oxides, 281. 
Cobaltocyanogen, 357. 
Cocoa tallow, 378. 
Codeine, 368. 
Cohesion, 7. 
Colchicine, 370. 
Cold rays, 69. 
Colophony, 380. 
Coloring principles, 371. 
Colors, 82. 
Columbium, 287. 
Combination, by volumes, 154, 

laws of, 151. 
Combining numbers, 153. 
table of, 145. 
Combustion, 174. 
Compound radicals, 309. 
Condensation of vapors, 45. 
Conicine, or conia, 370. 
Copper, 295. 

alloys of, 296. 
arsenite, 296. 

carbonates, 296. 



Copper, mtntc, S9e. 
CiyoplKima,^ » 



Dapho^e, 3T0. 
DMoriue, 3 



DiuDosd, 330. 

Diff,:reDdiil iLtirmoi 
Diffiiaifia of l^b^Oj < 
Dil^eitiDD, 3ie. 
DiOKiruluBm, 160, 
Di>t>enioD, 71. 
DnuiDD'i blood. 33C 
Unu, 397. 
Duldi liqoid, 399. 



IllentiD-chemiBtry. 1^ 
Blijctrnlysi*. 126, 
BlKtmmetera, lia. 
Elpctrotvpe, lis. 



Bquivdent unmben, IIS. 



low tempen 
56. 



Uctic, 3il, 32*. 
^n compounrb, U6. 
a compoomls, 35S- 



Floorino, 237. 
FonnomertiylBl, 311. 
Freeiing of wotar by e 

Freeiiiw miJ;^^re^ 37. 
Fusel oiX 342. 
Fusible metal, 299. 
G. 
QiaTHnum, 116. 






GBolTnjy'B taWcs, IST. 

Glis!, niBU'ifncfirB of, ara. 

iolable. 373. 
QlobultDe, 393. 
QlQciuum. 373. 
Glucose, 313. 
Qljcerine, 376, 377. 
Gldd,303. 

oompoun Jb oI) 304. 



Qraphiie, 'J39. 

Oraiity, spadflc, of gases, iett 
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een. Schecle's, 296. 
ove's battery, 122. 
im, British, 313. 

Arabic, 314. 

tra?acanth, 314. 
inpowder, 260. 
'^psum, 269. 

H. 

emaphoin, 393. 

ematite, 276. 

lir, 391. 

ire's batteries, 121-131. 

blow-pipe, 382. 
iat, animal, 396. 
capacity for, 28. 
conductiou of, 56. 
exchauges of, 67. 
latentv 36. 

radiation, reflection, absorp- 
tion, and transmission of, 63. 
varieties of, 67. 
iinatine, 393. 
smatoxyline, 372. 
jsperidme, 370. 
>ni, 391. 

rdrobenzamide, 345. 
rdrogen, antimonioreted, 294. 
arseniureted, 292. 
light carbureted, 243. 
peroxide of, 188. 
persulphuret of, 222. 
phosphureted, 226. 
preparation and proper- 
ties of, 178. 
snlphareted, 220. 
jTgrometer, Daniell's, 52. 
^grometry, 51. 
jTOScy amine, 370. 
irponitrous acid, 207. 
^rposulphoroos acid, 219. 

I. 
eal coloration, 94. 
rialine, 384. 
digo, 373. 
daction, 102. 
terference, 83. 
terstices, 6. 
aline, 312. 
dine, preparation and properties 

of, 234. 
idium, 306. 
on, 276. 

carbonate, 280. 

cast, varieties of, 277. 

characters of salts of, 278. 

chlorides, 280. 

manofactnre, 276. 

oxides of, 278. 

passive, 278. 



Iron, stdphates, 280. 
solphorets, 280. 
Isatine, 374. 
Isomerism, 162. 
Isomorphism, 161. 

K. 

Kakodyle and its compoonds, 337. 
Kapnomor, 382. 
Kermes mineral, 294. 
Kyanol, 382. 

L. 
Lac, 380. 
Lactine, 314. 
Lampblack, 239. 
Lamps, safety, 58. 
Lanthaniom, 373. 
Latent heat, 36. 
Laughing gas, 205. 
Laws of combination, 151. 
Lead, 297. 

action of water on, 297. 

alloys of, 299. 

carbonate, 298. 

characters of salts of, 298. 

chloride, 298. 

iodide, 298. 

nitrate, 299. 

oxides, 298. 
Leaven, 319. 
Lecanorine, 374. 
Leiocome, 313. 
Leukol, 371. 
Leyden jars, 108. 
Light, cause of, 71. ^ 

chemical action of, 77. 

reflection, refraction, and ix>- 
larizatiou of, 87-89. 

wave theory, 71, 78. 
Lignine, 315. 
Lignite, 383. 
Lime, 267. 

carbonate, 268. 

cliloride, 269. 

phosphate, 269. 

salts, characters of, 268. 

sulphate, 269. 
Liquor of Libavius, 285. 
Lithium, 264. 
Litmus, 374. 

M. 
Madder, 372. 
Magnesia, 269. 

carbonate, 270. 
characters of salts of, 270. 
phosphate, 271. 
sulphate, 270. 
Magnesium, preparation and prop- 
erties of, 269. 



l(i(n»f • utiflrial, 137. 
If UfiiflU'CLcrtricity, i'iH. 
Maticliitc, -eie. 



Nitmbentide, 3M. 

~" gco, chloride oC 331. 

iU compnimdj Wldl 0x7- 
gon, 189. 

prepkntioiM lud pioper- 



prepiratioo and prop- 



N'omenciatare, 144. 
Holmes buKei". 378. 
Notritiuu. functioa ol 



Wcrou,"..-'. 
McrcsptDo. n 



chloridei, 3<H. 



^EIADtlliC 

Oil of bi» 



idlphuroti, 103. 
Ueiltvle, 335. 
UMo^ehvde. 331. 
UMbI. raiiblB, W9. 
MMala, general praportica of, '. 

clHMificatiiiD of, est. 
Uetfaf 1e tutDfHiDails, !i'3^ 
kticmcotaiir iilt, Ml, 
Itak. DDDipoiitlan »<; :lbt. 
3(iDderenu apirit, a.')3. 
liliDersI chuBeleao, STU. 
Uolybdenan]. 9Sr. 
MonlaiiM, 9T3. 
Uorpbia. 3dS. 
Manic gold, SSS. 
HnclUgiT, 314. 



Uultiplien 
Uaroxan, ^ 
Mnreiido. 
Ha«-avBdc 



13G. 



N. 



ITaphtho. 3f 
Kaphtlialine, 3aa. 
Kaiceinc, 38S. 
Karootiiie, 368. 
Kerroaa aabatuce, 39a. 
Kicltol, -881 

aalphate, SOI. 

Hihll albam, aea. 



imemuT, 379. 
epiraa, 3<T. 
■torax, 3T9. 
torpentinc, 379. 



Oi^uiic bodiet, cluBtficalion ot, 311. 
dccooipoiiilion of, liy 

heat, 308. 
genend chamrlcn 



Papiu'i digoitor, 45. 
Parncyanofien, 351. 

Farauaplitfa aline, 381. 
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Pa8chal*8 experiment, 201. 
Pectine, 314. 
Perchloric acid, 230. 
Petroleum, 384. 
Pewter, 285. 
Phloridzine, 370. 
Phosphorescence, 78, 96. 
Phosphoric acid, 224. 
Phosphorus, compounds with oxy- 
gen, 223. 
preparation and proper- 
ties of, 222. 
Phosphureted hydrogen, 226. 
Photography, 93. 
Picamar, 382. 
Picrotoxine, 370. 
Pile, voltaic, 120. 
Piperine, 370. 
Pitch, 381. 
Pit-coal, 384. 
Pittakal, 382. 
Plasma, 393. 
Platinum, 304. 

black, 305. 

chlorides, 305. 

oxides, 305. 

power of determining xm- 

ion of gases, 305. 
■alts, combustible, 371. 
spongy, 305. 
Plumbago, or graphite, 239. 
Polarization of light, 87. 
Populine, 370. 

Porcelain, manufacture of, 272. 
Potassium, cliloride of, 259. 
iodide of, 259. 
peroxide of, 257. 
preparation and proper- 
ties of. 256. 
snlphurets o^ 259. 
Potash, 257. 

bicarbonate, 259. 
bisulphate, 259. 
carbonate, 259. 
chlorate, 260. 
hydrate of, 257. 
nitrate, 260. 
salts, test for, 258. 
sulphate, 259. 
Potato oil and its compounds, 342. 
Prism, 74. 
Proteine, 391. 
Prussian blue, 356. 
Pseudomorphine, 368. 
Purple of Cassius, 284-304. 
Pus, 398. 

Putty powder, 284. 
Pyroacetic spirit, 335. 
Pyrometer, 23. 

Daniell's, 27. 



Pyroxylic ipirit, 339. 

a 

duercitron bark, 372. 
duicksilver, 302. 
Q,uina, 369. 
Q,uinoline, 371. 

a. 

Radiation, 63. 

Bays of the sun, chemical, 91. 
Realgar, 292. 
Reflection, law of, 89. 
Refraction, law of, 74, 89. 
Resins, 380. 
Respiration, 176. 
Rhodium, 306. 

6. 

Sacchulmine, 316. 

Safety let, Hemming's, 58. 

Safety lamp, 58. 

Sago, 312. 

Salicine, 347, 370. 

Salicyle compounds, 347. 

Scheele's green, 296. 

Secretion, 395. 

Selenium, 222. 

Silicon, 247. 

Silver, 299. 

ammoniurct, 301. 
characters of salts of, 300. 
chloride, 301. 
German, 281. 
iodide, 301. 
nitrate, 301. 
oxides, 300. 
sulphuret, 301. 
Smalt, 281. 

Soaps ; saponification, 376. 
Soda, biborate, 264. 

bicarbonate, 263. 
carbonate, 262. 
hydrate of, 261. 
mtrate, 263. 
phosphates of, 263. 
sulphate, 263. 
Soda water, 242. 
Sodium, chloride, 261. 

preparation and properties 
of, 260. 
Solanine, 370. 
Solder, 285. 
Specific gravity, 155. 

heat, 28. 
Spectres, 96. 
Spectrum, solar, 75-7fiL 
Speculum metal, 296. 
Spermaceti, 378. 
Spirasa ulmaria, oil of, 347. 
Starch, 310. 
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Steam, elastic force oC 49. 

emnne, 46, 55. 
Stearine, 376. 
StearopteD, 379. 
Steel. 277. 

Stone-ware, manafactare oC 272. 
Strontia, 266. 

nitrate, 267. 
Bolphate, 267. 
Strontium, 266. 

chloride, 267. 
Strychnia, 370. 
Sublimate, corrosive, 303. 
Sabstitution, 310. 
Sugar, cane, 313. 

eucalyptus, 314. 
from ergot of rye, 314. 
grape, 313. 

of diabetes insipidus, 313. 
of milk. 314. 
Salphobenzide, 346. 
Sulphocyanogen compounds, 357. 
Sulphur, compounds with oxygen, 
215. 
occurrence in nature, 212. 
properties of, 214. 
Sulphurcted hydrogen, 220. 
Sulphuric acid, 217. 
Sulphurous acid, 215. 
Symbols, 147. 

table of, 145. 
Synaptase, 352. 
Systems, crystallographical, 156. 

T. 

Tapioca, 312. 
Tar, varieties of, 381.' 
Tartar, cream o^ 363. 
Taurine, 398. 
Tellurium, 294. 
Thobaine, 368. 
Theine, 370. 
Theobromine, 370. 
Thermoelectricity, 139. 
Thermometer, Breguet's, 36. 

construction of, 19. 

differential, 17. 

Sanctorio's, 17. 

scales, 20. 
Thorium, 273. 
Tin, 283. 

clUoridos, S84. 
oxide's, 284. 
Mulphurots, 285. 
Tinned plate, 285. 
TllAniunt, tt87. 
TlUionic rnj's. 9\. 
Tr«niiv<»rMo vlltrAtioni, Bl. 

THE 



Tunneric, 372. 
Turpcth mineral, 303. 
T\-pe metal. 294. 
Types, ebemical, 310. 

Ulmine, 316, 383. 
UndnlatOTy theory, 78. 
Uramile, 360. 
- Uranium, 294. 
Urea, 354, 338. 
Urinary calculi, 398. 
Urine, compositicm of, 396. 

V. 

• Vanadium, 287. 
1 Vapor, elastic fiiroe o^ 49. 
I Vapors, density ot, 53. 
I nature of. 39. 

Vaporization at low temperatares, 

laws of, 40. 
Vegeto alkalis, 367. 
Veratria, 370. 
j Verdififris, 334. 
Vermilion, 303. 
Vinegar, 332. 
Vitriol, blue, 296. 
green. 280. 
oil of, 218. 
white, 283. 
Voltameter, 130. 
Volumes, combination by, 154. 

W. 

Water, composition o^ 126, 183. 

of crystallization, 187. 
Waves, length o^ 86. 
Wax, 378. 
Wines, 322. 
Wire gauze, 58. 
Wood-spirit and its compounds, 338. 

ether, 339. 
Woody fibre, 315. 

X. 

Xanthic acid, 336. 

oxide, 361. 
Xyloidine, 319. 

Y. 

Yeast, 320. 
Yttrium, 273. 

Z. 

Zaffre, 281. 
Zinc, 282. 

oxide of; 282. 

silicate, 283. 

sulphate, 283. 
Zirconium, 273. 

END. 
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LIFE OF MATTHIAS THE IMPOSTOR, 63 cents 

ST. JOHN'S (J. A.) LIVES OF CELEBRATED TRAVELERS, $1 25 
TAYLOR'S (John) " RECORDS OF MY LIFE,»' $1 50. 
THATCHER'S (B. B.) BIOGRAPHY OF DISTINGUISHED INDIANS, 

QO cents 
TYLER'S (John) LIFE ^ND SPEECHES, 40 cents. 
WILLIAMS'S LIFE OF ALEXANDER THE GREAT, 45 cents. 
WILSON'S LIVES OF ECCENTRIC AND WONDERFUL CHARAC 

ters, $1 90- 



4 TALUABLE NEW AND STANDARD WORKS 

BiMtory^ Ancient and XVIodenL 

ALISON'S (Abcribald) EUROPE FROM 1789 TO 1815, $5 00. 
BONNECUOSE'S HISTORY OF TOE REFORMERS BEFORE LU- 

THKR, 40 cents. 
BUCKE'S RUINS OF ANCIENT CITIES, 90 cents. 
BULWER'S ATHENS, ITS RISE AND FALL, $! 30. 
RUNNER'S HISTORY OF LOUISIANA TO THE PRESENT TIME, 

45 cents. 
CJESAR'S COMMENTARIES ; translated by William Duitgah, 00 cents. 
CRICHTON'S HISTORY op ARABIA, ANCIENT avd MODERN, 00 cts. 
CRICHTON AND WHEATON'S DENMARK, NORWAY, AND SWB- 

DSir, 00 cents. 
CROWE'S (E. E.) HISTORY OF FRANCE, 3 vols., $1 75. 
DAVIS'S HISTORY OF CHINA, 2 vols., 90 cents. 
DUNHAM'S HISTORY OF SPAIN AND PORTUGAL, $3 50. 
DUNLAP'S (W.) HISTORY or the STATE op NEW YORK, 90 cents. 

HISTORY OF THE AMERICAN THEATRE, $1 75. 

DWIGHT'S (T.) HISTORY OF CONNECTICUT, 45 cents. 
FERGUSON'S HISTORY OF THE ROMAN REPUBLIC, 45 cents 
FLETCHER'S HISTORY OF POLAND, 45 cenU. 

FLORIAN'S HISTORY OF THE MOORS IN SPAIN, 45 cents. 
FRASER'S HISTORY OF MESOPOTAMIA AND ASSYRIA, 45 cents. 

HISTORICAL AND DESCRIPTIVE ACCOUNT OF PER- 

GIBBON'S HISTORY OF ROME, with Notes by Milmaic, $5 00. 
GOLDSMITH'S HISTORY OF ROME : abridged, 45 cents. 

HISTORY OF GREECE : abridged, 45 cents. 

GRANT'S HISTORY of thb NESTORIANS, or LOST TRIBES, «I 00 
GRATTAN'S HISTORY OF THE NETHERLANDS TO THE REVO- 

LUTioir OP 1830, 60 cenU. 
HALE'S HISTORY or the UNITED STATES to 1817, 2 vols., 90 cents. 
HALLAM'S CONSTITUTIONAL HISTORY OF ENGLAND. 
VIEW OF EUROPE DURING THE MIDDLE AGES, $2 00 

INTRODUCTION TO THE LITERATURE OF EUROPE, 

$3 75. 

HAWKS'S HISTORY of thb PROTESTANT EPISCOPAL CHURCH 

IN Virginia, $1 75. 
HENRY'S HISTORY OF PHILOSOPHY, 2 vols., 90 cents. 
HERODOTUS'S GENERAL HISTORY ; by Rev. W. Beloe, $1 35. 
HOWITT'S HISTORY OF PRIESTCRAFT IN ALL AGES, 60 cents. 
ICELAND, GREENLAND, AND THE FAROE ISLANDS, 45 cents. 
JAMES'S HISTORY OF CHIVALRY AND THE CRUSADES, 45 cth. 
JAPAN AND THE JAPANESE, 45 cents. 
JARVIS'S CHRONOLOGICAL INTRODUCTION TO THE HISTORY 

OF thb Church, $3 00. 
KEIGHTLEY'S HISTORY OF ENGLAND TO 1839, 5 vols , $2 25. 
LANMAN'S HISTORY OF THE STATE OF MICHIGAN, 45 cents. 
LIVY'S HISTORY OF ROME : translated by Baker, 5 vols., $2 25 
LOSSING'S HISTORY OF THE FINE ARTS, 45 cents. 
MACKINTOSH'S ENGLAND TO THE 17th CENTURY, $1 50. 
MICHELET'S ELEMENTS OF MODERN HISTORY, 45 cents. 
M/LMAN'S HISTORY OF THE JEWS, 3 vols., $1 20. 
MOSHEIM'S ECCLESIASTICAL HISTORY: Maclaine's Edition, $3 50. 

Murdock's Edition of the same Work, $7 50. 
MURRAY'S HISTORICAL ACCOUNT OF BRITISH AMERICA, 90 cU. 

HISTORICAL ACCOUNT OF BRITISH INDIA, $1 35. 

NFA.L'S HISTORY OF THE PURITANS, $3 50. 

PICTORIAL HISTORY OF ENGLAND, TO THE REIGN OF GEORGE 

III., profusely Illustrated. 
PRESCOTT'S HISTORY OF THE CONQUEST OF MEXICO, 3 vols., 

$6 00. 
• HISTORY OP FERDINAND AND ISABELLA, 3 vols., 

•0 00. 
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PRIDEAUX'S CONNECTION of thb OLD and NEW TESTAMENTS, 

$3 75. 
ROBERTSON'S HISTORICAL WORKS, 3 vols., Svo, Maps, $5 00. 

HISTORY OF THE REIGN OF CHARLES V., $1 75. 

Abridged, 45 cents. 

HISTORY OP AMERICA, $1 75. Abridged, 45 cents. 

HISTORY OF SCOTLAND AND ANCIENT INDIA, 

$1 75. 
ROBINS'S (Mrs.) TALES FROM AMERICAN HISTORY, 3 vols., $1 00. 
ROLLIN'S ANCIENT HISTORY, WITH A LIFE OF THE AUTHOR, 

$3 75. 
RUSSELL AND JONES'S HISTORY OF MODERN EUROPE, $5 00. 
RUSSELL'S (Michael) HISTORY OF EGYPT, 45 cents. 

HISTORY or NUBIA and ABYSSINIA, 45 cts. 

HISTORY OF THE BARBARY STATES, 45 cto. 

HISTORY OF POLYNESIA, 45 cents. 

HISTORY OF PALESTINE, 45 cents. 

SALE'S (Lady) JOURNAL OF DISASTERS IN AFGHANISTAN, 10 eta 
SALLUSTS HISTORY : translated by Rose, 40 cenU. 
SCOTT'S (Sir W.) HISTORY OF SCOTLAND, 3 vols., $1 90 

HISTORY OF DEMONOLOGY, 40 cents. 

SCOTT'S (John) LUTHERAN REFORMATION, $1 00. 

SEGUR'S HISTORY OF NAPOLEON'S RUSSIAN CAMPAIGN, 90 cti. 

SFORZOSI'S HISTORY OF ITALY, 45 cents. 

SISMONDI'S HISTORY OF THE ITALIAN REPUBLICS, 60 cents. 

SMEDLEY'S SKETCHES FROM VENETLAlN HISTORY, 90 cents. 

SMITH'S (H.) HISTORY OF FESTIVALS, GAMES, &c., 45 cents. 

SMITH'S (H. J.) HISTORY OF EDUCATION, 45 cents. 

SPALDING'S HISTORY OF ITALY and the ITALIAN ISLANDS, $1 85. 

STONE'S BORDER WARS OF THE AMERICAN REVOLUTION, 90 cts. 

SWITZERLAND, HISTORY OF, 60 cents. 

TAYLOR'S HISTORY OF IRELAND, 90 cents. 

THATCHER'S HISTORY OF THE BOSTON TEAPARTY, 63 cents. 

TALES OF THE AMERICAN REVOLUTION, 35 cents. 

THIRLWALL'S HISTORY OF GREECE, 2v')ls., $3 50. 
THUCYDIDES' GENERAL HISTORY : translated by Smith, 90 cents 
TURNER'S SACRED HISTORY OF THE WORLD, $1 35. 
TYTLER'S UNIVERSAL HISTORY, 6 vols., $2 70. 
UNCLE PHILIP'S HISTORY OF VIRGINIA., 35 cents. 

HISTORY OF NEW YORK, 2 vols., 70 cents. 

HISTORY OF LOST GREENLAND, 35 cents. 

HISTORY OF NEW HAMPSHIRE, 2 vols., 70 cents 

HISTORY OF MASSACHUSETTS, 2 voU., 70 canU 

XENOPHON'S HISTORY : translated by Spelman, 85 cents. 



College &/ School Books. 

ANTHON'S (Charles) LATIN LESSONS, 90 cents. 

LATIN PROSE COMPOSITION, 90 cenU. 

LATIN PROSODY AND METRE, 90 cent& 

LATIN VERSIFICATION. 90 cents. 

ZUMPT'S LATIN GRAMMAR, 90 cents. 

COMMENTARIES OF CjESAR, $1 40. 

-ENEID OF VIRGIL. Eniflish Notes. 93 00 

ECLOGUES AND GEORGICS OF VIRGIL 

CICERO'S SELECT ORATIONS, ^1 20. 

SALLUST. With English Notes, 88 cents. 

HORACE. With English Notes, ^1 75. 

FIRST GREEK LESSONS, 90 cenU. 

GREEK PROSE COMPOSITION, 90 cents. 

GREEK PROSODY AND METRE, 90 cents. 

GREEK GRAMMAR, 90 cents. 

NEW GREEK GRAMMAR, 90 cents. 



6 VALUABLE NEW AND STANDARD WORKS 

ANTIION'S (Chables) HOMER. With English Notes, $1 50. 

I GREEK READER, FROM THE GERMAIV OP 

Jacobs, 91 75. 

ANABASIS OF XENOPHON. 

GREEK AND ENGLISH LEXICON. 

CLASSICAL DICTIONARY, 9i 75. 

SMITH'S DICTIONARY of GREEK AK© RO- 
MAN Antiquities, $4 75. 
The same work, abridged. 
BENNETT'S (J. A.) SYSTEM OF BOOK-KEEPING, $1 50. 
BOUCHARLAT'S ELEMENTARY TREATISE ON MECHANICS, |8 ». 
BOYD'S ELEMENTS OF RHETORIC, 50 cents. 
CAMPBELL'S PHILOSOPHY OF RHETORIC, $1 25. 
CLARK'S (D. W.) ELEMENTS OF ALGEBRA, «fcc., $1 00. 
EDWARDS'S (W.) BOOK-KEEPER'S ATLAS, $2 00. 
GRISCOM'S ANIMAL MECHANISM AND PHYSIOLOGY, 45 cents. 
HAZEN'S PROFESSIONS AND TRADES. 61 Engravings, 75 cents. 
HEMPEL'S GRAMMAR OF THE GERMAN LANtSUAGE, SI 75 
HENRY'S HISTORY OF PHILOSOPHY, 90 cents. 
KANE'S ELEMENTS OF CHEMISTRY, $3 00. 
LEE'S ELEMENTS OF GEOLOGY, 50 cents. 
LEWIS'S PLATONIC THEOLOGY, Ac, $1 50. 
MAURY'S PRINCIPLES OF ELOQUENCE, 50 cents. 
MORSE'S NEW SYSTEM OF GEOGRAPHY FOR SCHOOLS, 50 ceots. 
NOEL AND CHAPSAL'S NEW SYSTEM OF FRENCH GRAMMAK, 

75 cents. 
PARKER'S AIDS TO ENGLISH COMPOSITION, $1 00. 
POTTER'S (Bishop) POLITICAL ECONOMY, ITS USES, &r.., 50 cents. 
PROUDFIT'S PLAUTUS, " THE CAPTIVES." English Notes! 38 cents 
BENWICK'S PRACTICAL MECHANICS, 90 cents. 

ELEMENTS OF CHEMISTRY, 75 cents. 

ELEMENTS OF NATURAL PHILOSOPHY, 75 cents. 

SCHMUCKER'S MENTAL PHILOSOPHY, $1 00. 

UPHAM'S TREATISE ON THE WILL, $1 25. 

MENTAL PHILOSOPHY. 2 vols., $2 50. Abridged, $1 25. 

%* Many other works in extensive use as text-books in schools maj be 
found under the other heads of this catalogue. 

HeaBYista^ Belles-Iiettres, ^bc 

ADDISON'S COMPLETE WORKS, 3 vols., $5 00. 

SELECTIONS FROM THE SPECTATOR, 2 vols., 90 cents. 

BACON AND LOCKE'S ESSAYS, 45 cents. 

BROUGHAM'S PLEASURES AND ADVANTAGES OF SCIENCE, 

45 cents. 
BUCKE'S BEAUTIES AND SUBLIMITIES OF NATURE, 45 cents. 
BURKE'S COMPLETE WORKS, 3 vols., $5 00. 

ESSAY ON THE SUBLIME AND BEAXJTIFUL, 75 oenU. 

WISDOM AND GENIUS ILLUSTRATED BY EXTRACTS 

7B0M HIS Writings. 
CHESTERFIELD' S LETTERS TO HIS SON, and other Writings, 

$175. 
CICERO'S OFFICES, ORATIONS, AND CATO AND L^LIUS, $1 25. 
COLERIDGE'S LETTERS, CONVERSATIONS, AND RECOLLEC- 
TIONS, 65 cents. 

, SPECIMENS OF THE TABLE-TALK OF, 12mo, 70 cents. 

COMBE'S PHYSIOLOGY APPLIED TO HEALTH AND MENTAL 

Education, 45 cents. 
DICK ON THE IMPROVEMENT OF SOCIETY BY THE DIFFUSION 

OF Knowledge, 18mo, 45 cents. 
DEMOSTHENES' ORATIONS ; translated by Leland, 2 vols., 85 cents. 
DRY DEN'S COMPLETE WORKS, $3 75. 
DUTY (the) of AMERICAN WOMEN TO THEIR COUNTRY, 38ctnts 
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EDGEWORTH'S TREATISE ON PRACTICAL EDUCATION, 85 centfc 
FAMILY INSTRUCTOR ; or, DUTIES OF DOMESTIC LIFE, 45 cent*. 
GRAVES'S (Mrs. A. J.) WOMAN IN AMERICA, 45 cents. 
HORNE'S NEW SPIRIT OF THE AGE. With 7 Portraits, $1 50. 
JOHNSON'S (A. B.) TREATISE ON LANGUAGE, $1 75. 

LECTURES TO YOUNG MEN, 45 cents. 

LAMB'S ESSAYS OF ELIA, LETTERS, POEMS, &c., 92 00. 
MACKENZIE'S (Henry) COMPLETE WORKS, $1 25. 
MARTINEAU. HOW TO OBSERVE, 43 cents. 
MATHEWS'S (Cornelius) MISCELLANEOUS WRITINGS, $1 00. 
MAURY'S PRINCIPLES OF ELOQUENCE, 45 cents. 
MONTGOMERY'S LECTURES ON POETRY AND LITERATURE, 

45 CfiTits 

MORE'S (Hannah) COMPLETE WORKS, 7 vols., $6 50. 1 vol., $2 50. 

MUDIE'S GUIDE TO THE OBSERVATION OF NATURE, 45 cents. 

NEELE'S (Henry) LITERARY REMAINS, $1 00. 

NOTT'S (Dr. Eliphalet) COUNSELS TO THE YOUNG, 50 cents. 

POTTER AND EMERSON'S SCHOOL AND THE SCHOOLMASTER, 
$100. 

PRESCOTT'S BIOGRAPHICAL AND CRITICAL MISCifLLANIES, 
$2 00. 

PURSUIT OF KNOWLEDGE UNDER DIFFICULTIES, 90 cents. 

SANDS'S (Robert C.) WRITINGS, 2 vols. 8vo, $3 75. 

SEDGWICK'S (Miss) MEANS AND ENDS, 45 cents. 

SIGOURNEY'S (Mrs. L. H.) LETTERS TO YOUNG LADIES, 90 cents. 

LETTERS TO MOTHERS, 90 cents. 

SMITH'S (H. J.) PLAN OF INSTRUCTION AND HISTORY OF Ed- 
ucation, 45 cent^. 

SOUTHEY (Robert). THE DOCTOR, &c., 45 cents. 

VERPLANCK'S DISCOURSES ON AMERICAN HISTORY, 60 cents. 

INFLUENCE OF LIBERAL STUDIES, 25 cents. 

INFLUENCE OF MORAL CAUSES, 15 cents. 

WIRT'S (William) LETTERS OF THE BRITISH SPY, 60 cents. 

Natural Sbience, dLc 

BELL. THE HAND, ITS MECHANISM, &c., 60 cents. 

BIRDS. NATURAL HISTORY OF, 45 cents. 

BRANDE'S ENCYCLOPEDIA OF SCIENCE AND ART, $4 00. 

BREWSTER'S LETTERS ON NATURAL MAGIC, 45 cents. 

DANIELL'S ILLUSTRATIONS OF NATURAL PHILOSOPHY, 69 cents. 

DICK'S PRACTICAL ASTRONOMY, 50 cents. 

DRAPER'S TREATISE ON THE CHEMICAL ORGANIZATION OF 
Plants, $2 60. 

ELEPHANT (the). NATURAL HISTORY OF, 45 cents. 

EULER'S LETTERS ON NATUjftAL PHILOSOPHY : edited by Brew- 
ster and Griscom, 45 cents. 

GOOD'S BOOK OF NATURE, $1 25. 

HASWELL'S ENGINEERS' and MECHANICS' POCKET-BOOK, $1 50. 

HERSCHEL'S DISCOURSE ON THE STUDY OF NATURAL PHI- 
LOSOPHY, 60 cents. 

HIGGINS'S PHYSICAL CONDITION AND PHENOMENA OF THE 

HUMBOLDT'S COSMOS ; A SURVEY of the PHYSICAL HISTORY 

OF THE Universe. 
INSECTS. NATURAL HISTORY OF, 90 cents. 
KANE'S ELEMENTS OF CHEMISTRY: edited by Dbapsk, $2 00. 
LEE'S ELEMENTS OF GEOLOGY AND MINERAL RESOURCES OF 

the United States, 50 cents. 
MOSELEY'S ILLUSTRATIONS OF MECHANICS ; edited by Rbkwjck, 

45 cents. 
MUDIE'S GUIDE TO THE OBSERVATION OF NATURE, 45 cents 
QUADRUPEDS. NATURAL HISTORY OF. 45 cents 
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RENWICK'S FIRST PRINCIPLES OF NATURAL PHILOSOPHY 
Wiih Questions, 75 cents. 

FIRST PRINCIPLES OF CHEMISTRY. With QUBs- 

TiONs, 75 cents. 

APPLICATIONS OF MECHANICS TO PRACTICAL 

Purposes dO cents* 
UNCLE PHILIP'S AMERICAN FOREST, 35 cents. 

TOOLS AND TRADES AMONG ANIMALS, 35 cenU 

VEGETABLE SUBSTANCES USED FOR FOOD, 45 cents. 
WHITE'S NATURAL HISTORY OF SELBORNE. Plates, 45 cents. 
WYATT'S MANUAL OF CONCHOLOGY according to Lam akck, $3 75. 



Blental and Moral Science, JkJO. 

ABERCROMBIE'S PHILOSOPHY OF THE MORAL FEELIinGS, 40cU 

ON THE INTELLECTUAL POWERS, 45 cents. 

ALISON ON THE NATURE AND PRINCIPLES OF TASTE, 75 cente 
BACON AND LOCKE'S ESSAYS, AND CONDUCT OF THE UN 

DEBSTANDINO, 45 cents. 
BOYD'S ELEMENTS OF RHETORIC AND LITERARY CRITICISM, 

50 cents. 
BURKE'S ESSAY ON THE SUBLIME AND BEAUTIFUL, 75 cents. 
CAMPBELL'S (George) PHILOSOPHY OF RHETORIC, $1 25. 
COMBE'S CONSTITUTION OF MAN, 45 cents. 
DENDY'S PHILOSOPHY OF MYSTERY, 45 cents. 
DYMOND'S PRINCIPLES OF MORALITY : edited by G. Bush, $1 38. 
HENRY'S EPITOME OF THE HISTORY OF PHILOSOPHY, 90 cents. 
MARTINEAU'S LETTERS ON MESMERISM, 5 cents. 
HAURY'S PRINCIPLES OF ELOQUENCE, 50 cents. 
MILL'S SYSTEM OF LOGIC, RATIOCINATIVE AND INDUCTIVE, 

92 00. 
SCHMUCKER'S PSYCHOLOGY, OR MENTAL PHILOSOPHY, $1 00. 
SEERESS (THE) OF PREVORST, 20 cents. 

TOWNSHEND'S FACTS IN MESMERISM. With Plates, 75 cents. 
UNCLE SAM'S RECOMMENDATIONS OF PHRENOLOGY, 45 cents. 
WHEWELL'S ELEMENTS OF MORALITY AND POLITY, $1 00. 
UPHAM'S IMPERFECT and DISORDERED MENTAL ACTION, 45 ct». 

ELEMENTS OF MENTAL PHILOSOPHY, $2 50. Abridged, 

$125. 
PHILOSOPHICAL AND PRACTICAL TREATISE ON THE 

Will, $I 25. 

Voyages and Travels. 

ANTHON'S (C. B.) TREVES, THE VALLEY OF THE MEUSE, Ac, 

75 cents. 
BARROW'S PITCAIRN'S ISLAND AND MUTINY OF THE SHIP 

Bounty, 45 cents. 
BUCKINGHAM'S TRAVELS IN AMERICA. Engravings, $3 50. 
CHANGE FOR THE AMERICAN NOTES, 10 cents. 
CIRCUMNAVIGATION OF THE GLOBE, FROM MAGELLAN TO 

OooK 45 C6nts« 
COKE'S TRAVELS IN THE UNITED STATES, NOVA SCOTIA, AND 

Canada, 75 cents. 
COLTON'S (Rev. Calvin) FOUR YEARS in GREAT BRITAIN, 90 cts. 
COOK'S VOYAGES ROUND THE WORLD. With a Sketch of his Life, 

38 cents. 
DANA'S TWO YEARS BEFORE THE MAST, OR LIFE AT SEA,45cU. 
DAVENPORT'S PERILOUS ADVENTURE BY LAND AND SEA,45cts 
DE KAY'S SKETCHES OF TURKEY IN 18.31-2, $2 00. 
DICKENS'S AMERICAN NOTES FOR GENERAL CIRCULATION. 

10 cents. 
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DRAKE, CAVENDISH, AND DAMPIER. LIVES AND VOYAGES OP 

45 cents. 
DURBIN'S TRAVELS IN EUROPE, 2 vols., ^2 00. 

TRAVELS IN THE EAST, 2 vols., ^2 00. 

ELLIS'S POLYNESIAN RESEARCHES, 4 vols., Plates, $2 50. 
EMERSON'S (Jambs) LETTERS FROM THE AEGEAN, 75 cents. 
FEATHERSTONHAUGH'S EXCURSIONS IN THE SLAVE STATES 

Ac. 20 cents. 
FIDLER'S OBSERVATIONS ON PROFESSIONS, &c., IN THE UNI 

TBO States and Canada, 60 cents. 
FISK'S (WiLBDB) TRAVELS IN EUROPE. With Plates, $3 25. 
FLAGG'S TRAVELS IN THE FAR WEST, «I 50. 
GRANT'S TRAVELS AMONG THE NESTORIANS, $1 00. 
GREEN'S TEXIAN EXPEDITION AGAINST MIER. Plates, $2 00. 
HAIGHT'S (Mrs.) LETTERS FROM THE OLD WORLD, 2 vols., $1 75. 
HEAD'S HOME TOUR THROUGH THE MANUFACTURING DIS- 
TRICTS OP England, $1 13. 
LIFE AND ADVENTURES OP BRUCE THE AFRICAN 

rPRAVBLiRR 45 CGlltfl ^ 

HOFFMAN'S (C. F.) WINTER IN THE WEST, 2 vols., $1 50. 
HUMBOLDT'S TRAVELS AND RESEARCHES IN SOUTH AMERICA, 

&.C., 45 cents. 
HUMPHREY'S TOUR in GREAT BRITAIN, FRANCE, and BELGIUM, 

$175. 
INGRAHAM'S SOUTHWEST, 2 vols., 12mo, $1 50. 
JACOBS'S SCENES, INCIDENTS, AND ADVENTURES IN THE 

Pacific SI 25 
JAMESON'S DISCOVERIES AND ADVENTURES IN AFRICA. 45 cts. 
JAMESON'S (Mrs.) VISITS and SKETCHES at HOME and ABROAD, 

$1 00. 
KAY'S (S.) TRAVELS AND RESEARCHES IN CAFFRARIA, 85 cents. 
KENDALL'S EXPEDITION TO SANTA FE, TEXAS, dtc, 2 vols., «2 50. 
KOHL'S SKETCHES OF DUBLIN AND OTHER PARTS OF IRE- 

LAND, 10 cents. 
LANDER'S JOURNAL OF TRAVELS IN AFRICA, 2 vols., 90 cents. - 
LATROBE'S RAMBLES IN MEXICO, 12mo, 65 cents. 

RAMBLES IN NORTH AMERICA, 12mo, $1 10. 

LESLIE, Ac, DISCOVERIES AND ADVENTURES IN THE POLAR 

Sb4S, 45 cents. 

LEWIS AND CLARK'S TRAVELS BEYOND THE ROCKY MOUNT- 
AINS, 90 cents. 

MACKENZIE'S YEAR IN SPAIN, 2 vols., $2 25. 

SPAIN REVISITED, 2 vols., $1 75. 

AMERICAN IN ENGLAND, 2 vols., $1 50. 

MILLER'S CONDITION OP GREECE, 36 cents. 

MORGAN'S (Lady) FRANCE IN 1829 AND 1830, 2 vols., 70 cents. 
MORRELL'S FOUR VOYAGES TO THE SOUTH SEA, $1 50. 
MORRELL'S (Mrs.) VOYAGE TO THE SOUTH SEA IN 1829 AND 

1830, 63 cents. 
MOTT'S TRAVELS IN EUROPE AND THE EAST, $1 90. 
NEW ORLEANS AS I FOUND IT, 20 cents. 
OLIN'S TRAVELS IN EGYPT, ARABIA PETRiEA, AND THE HOLY 

Land, $2 50. 
OWEN'S VOYAGES TO AFRICA, ARABIA, AND MADAGASCAR, 

$1 13. 
PARROT'S ASCENT OF MOUNT ARARAT, 50 cents. 
PARK'S (MuNQO) TRAVELS IN AFRICA, AND ACCOUNT OF HIS 

PARRY'S (Captain) VOYAGES TOWARD the NORTH POLE, 90 cents. 
PERILS OF THE SEA ; OR, AFFECTING DISASTERS UPON THE 

Dkep 35 c^nts 
PHELPS'S (Mrs.) YOUNG TRAVELER FROM OHIO, 35 cents. 
POLO'S (Marco) LIFE AND TRAVELS, 45 cents. 
PORTER'S (Commodore) LETTERS FROM CONSTANTINOPLE, $1 50. 
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PUCKLER MUSKAU. TUTTI FRUTTI, 50 ceuU. 

REED AND MATHESON'S VISIT TO THE AMERICAN CHURCHES, 

$1 30. 
REYNOLDS'S VOYAGE OF THE FRIGATE POTOMAC ROUND THE 
World. $3 25. 

LETTERS ON THE EXPLORING EXPEDITION, f 1 50 

ROBERTS'S EMBASSY to the COURTS of SLAM, COCHIN-CHINA, 

dbc, $1 75. 
SALE'S (Lady) JOURNAL OF DISASTERS IN AFGHANISTAN, Iteti 
SARGENT'S AMERICAN ADVENTURE BY LAND AND SEA, 90 cents. 
SIEBOLD'S MANNERS AND CUSTOMS OF THE JAPANESE, 45 eta. 
SEDGWICK'S (Miss) LETTERS FROM ABROAD TO KINDRED AT 

Home, $1 90. 
STEPHENS'S INCIDENTS OF TRAVEL IN CENTRAL AMERICA 

With 88 Engraviogs and Map, $5 00. 
INCIDENTS OP TRAVEL IN YUCATAN. With En- 



gravings, $5 00. 

iNcir 



INCIDENTS of TRAVEL IN GREECE, TURKEY, RUS- 

8IA, AND Poland, $1 75. 
INCIDENTS OF TRAVEL IN EGYPT, ARABIA PE- 

TBAA, AND THE HOLT LaND, $1 75. 

ST. JOHN'S LIVES OF CELEBRATED TRAVELERS. $1 25. 
TASISTRO'S TRAVELS IN THE SOUTHERN STATES, $1 50 
THINGS AS THEY ARE IN THE MIDDLE AND SOUTHERN 

States, 75 cents. 
TROLLOPE*S PARIS AND THE PARISIANS IN 1835. Plates, $1 SO. 
TYTLER'S DISCOVERIES ON THE NORTHERN COASTS OF 

Amebica, 45 cents. 
UNCLE PHILIP'S WHALE FISHERY AND POLAR SEAS, 70 cente. 
VOYAGES ROUND THE WORLD since the DEATH OF CAPTAIN 

Cook, 45 cents. 
WOLFF'S MISSION TO BOKHARA. Engravings, 92 00. 
WRANGELL'S (Admiral) EXPEDITION TO SIBERIA, POLAR SEAS, 

Ac, 45 cents. 

Medical and Surgical Science, &c 

BAYLE*S TREATISE ON ANATOMY : edited by Doanb, 88 eents. 
CHAILLY'S TREATISE ON MIDWIFERY: edited by Bedford, $2 00. 
COOPER'S DICTIONARY OF PRACTICAL SURGERY: edited by Dr. 

Rkese ft3 88 
COPLAND'S DICTIONARY OF PRACTICAL MEDICINE : edited by 

Dr. Lee. 
CRUVEILHIER'S HUMAN ANATOMY : edited by Pattison. $3 00. 
DOANE'S SURGERY ILLUSTRATED. With 52 Plates, $4 50. 
FERRIS'S TREATISE ON EPIDEMIC CHOLERA. With Plates, $1 25 
GALT'S TREATMENT OF INSANITY. 

GOOD'S STUDY OF MEDICINE : edited by CooPEB and Doane, $5 00. 
GUY'S PRINCIPLES OF FORENSIC MEDICINE: edited by Lee, $3 00. 
HOOPER'S MEDICAL DICTIONARY : edited by S. Aeeblt, $3 00. 
JOHNSON'S ECONOMY OF HEALTH, 65 cents. 
KITCHINER'S INVALID'S ORACLE FOR INVIGORATING LIFE, 40 

cente* 
MAGENDIE'S HUMAN PHYSIOLOGY: translated by Rbvebe, $2 00. 
MASSE'S POCKET ANATOMICAL ATLAS. 442 Figures, engraved on 

Ste«1, and beantifally colored, $7 50 ; with Plates uncolored, $3 00. 
NELIOAN ON MEDICINES, THEIR USES, AND MODE OP ADMIN- 

TSTEATION, $1 75. 

PARIS'S PHARMACOLOGIA : enlarged, with Notes by Lee, $I 50. 
REESE'S PRACTICAL TREATISE ON EPIDEMIC CHOLERA, 75 ot» 
SMITH'S ETIOLOGY AND PHILOSOPHY OF EPIDEMICS, $1 00. 
STEWART'S DISEASES OF CHILDREN, $1 50. 
TICKNOR'S PHILOSOPHY OF LIVING, OR WAY TO ENJOY LIFE 
AND ITS Comforts, 45 cents. 



PUBLISHED BT HARPER & BROTHERS. 11 

Dictionaries and Xincyclopadias. 

ANTHON'S (Charles) CLASSICAL DICTIONARY, $4 75. 

GREEK AND ENGLISH LEXICON. 

DICTIONARY OF GREEK AND ROMAN AN- 

TiQUiTiKs, by Smith, $4 75. 

Same work, abridged for Schools. 

BRANDE'S DICTIONARY OF SCIENCE, LITERATURE, AND ART, 

$4 00. 
BROWN'S DICTIONARY OF THE HOLY BIBLE, $1 75. 
COBB'S MINIATURE LEXICON OF THE ENGLISH LANGUAGE, 

50 cents. 
COOPER'S DICTIONARY OF PRACTICAL SURGERY, $3 88. 
COPLAND'S DICTIONARY OF PRACTICAL MEDICINE. 
CRABB'S DICTIONARY OF ENGLISH SYNONYMES, $2 38. 
GARDNER'S FARMER'S DICTIONARY. Engravings, $1 50. 
HOOPER'S MEDICAL DICTIONARY : edited by S. Akerly, $3 00. 
M'CULLOCH'S GEOGRAPHICAL, STATISTICAL, and HISTORICAL 

Dictionary, $6 50. 
WEBSTER'S (Noah) ENGLISH DICTIONARY, $3 50. 
WEBSTER'S ENCYCLOPEDIA OF DOMESTIC ECONOMY, $3 75. 

Political Science, &c 

BULWER'S (E. L.) ENGLAND AND THE ENGLISH, 2 vols., 85 cents. 

BULWER'S (H. L.) FRANCE, SOCIAL, LITERARY, and POLITICAL, 
QO cents 

CALHOUN'S (John C.) LIFE, 10 cents. 

LIFE, SPEECHES, AND REPORTS, $1 13. 

CAMP'S (George Sidney! DEMOCRACY, 45 cents. 

DEFENCE OF THE WHIGS BY A MEMBER OF THE 27th CON- 
GRESS, 20 cents. 

DOWNING'S (Major) LETTERS TO MR. DWIGHT, 63 cents. 

DUER'S (W. A.) CONSTITUTIONAL JURISPRUDENCE OF THE 
United States, 45 cents. 

LESTER'S GLORY AND SHAME OF ENGLAND, 2 vols., $1 50. 

LIEBER'S ESSAYS ON PROPERTY AND LABOR: edited by Dr. 
Potter, 45 cents. 

M'CULLOCH'S GEOGRAPHICAL, STATISTICAL, and HISTORICAL 
Dictionary, $6 50. 

PAULDING'S (James K.) VIEW OF SLAVERY IN THE UNITED 
States, 63 cents. 

POTTER'S (Dr.) POLITICAL ECONOMY, ITS OBJECTS, &c., 50 cents. 

SEDGWICK'S PUBLIC AND PRIVATE ECONOMY, 3 vols., $1 80. 

TYLER'S (John) SPEECHES, MESSAGES, AND LIFE, 40 cents. 

WAKEFIELD'S (E. G.) COMPARISON OF ENGLAND AND AMER- 
ICA, $1 25. 

WIRT'S (William) LETTERS OF THE BRITISH SPY, 60 cents. 
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Poetry and the Drama. 

^SCHYLUS'S TRAGEDIES : translated by Potter, 45 cents. 
BOOK (THE) OF GEMS OF MODERN POETS, $6 50. 
BROOKS'S RIVALS OF ESTE AND OTHER POEMS, 50 cents. 
BRYANT'S (W. C.) POEMS, $1 13. 

SELECTIONS FROM AMERICAN POETS, 45 ct«. 

BULWER'S SIAMESE TWINS AND OTHER TALES, 45 cents. 

LADY OF LYONS ; OR, LOVE AND PRIDE, 40 cents. 

SEA CAPTAIN; OR, THE BIRTHRIGHT, 20 cents. 

REBEL AND OTHER TALES, 50 cents. 

RICHELIEU. A Play, 46 cents. 

LIFE AND POEMS OF SCHILLER, 90 cenU. 



